





« 
' 














THE ONLY OIL-COOLED 
AC/DC WELDING EQUIPMENTS 


AVAILABLE IN GREAT BRITAIN 


The turn of a switch gives a choice of A.C. or D.C. welding 
current. 


This advanced design of portable single-operator welding 
equipment employs extremely efficient silicon diode rectifiers, 
protected against transient voltage spikes and completely oil- 
immersed for maximum cooling. The simple and robust 
construction ensures long, economical trouble-free service 
with virtually no maintenance. 

Provision is made in all sets 

for inbuilt power 


factor correction. 








LWAD 300 | LWAD 450 





A.C.| 34—315 59—450 
CURRENT RANGE 
D.c.| 27—250 47—360 





MAX. 
CONTINUOUS A.C. 
HAND WELDING 

CURRENT b.& 





PRICE 




















Send for full details to: 

The ENGLISH ELECTRIC Company Limited, 
Welding Equipment Department, 

East Lancashire Road, Liverpool, 10. 
Telephone: AINTREE 3641. 


welding 
A.C/D.C equipment 


THe ENGLISH ELECTRIC Company LIMITED, ENGLISH ELECTRIC House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD PRESTON *" RUGBY 


Inside front cover 
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WHEN YOU ARE 


—THINK OF HARVEY 





ee) ERE EST a 


Harveys have the ‘know-how’, the space, the 
equipment and the skilled men to produce large 
fabricated assemblies with efficiency. 

Assemblies up to 120 tons can be handled im one 
piece, and completed down to final machining. 
Full equipment is maintained for automatic 
welding, and stationary and portable X-ray units 
are supplemented by Radioisotopes for non- 
destructive testing. 

Harvey engineers are always available to discuss 
your fabrication problems, and to advise how we 
can best help you. 





Left: A mild steel jacketed Autoclave to Class 1 construction 
with electrically driven stirring gear. 


Below: This Ethylene Oxide Reactor weighs 135 tons, is 
9 ft. 6 ins. in diameter and contains over 15 miles of 1} in. 
dia. catalyst tube. 
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HARVEY FACILITIES AND PRODUCTS 


CLASS I WELDED PRESSURE VESSELS TO 
LLOYD’S AND A.S.M.E. CODES * HEAT 
TREATMENT AND RADIOGRAPHY ~- DIE- 
PRESSED AND ‘ROTARPREST’ HEADS UP TO 
15 FT. DIA. — Larger sizes to specification 
WELDED PRESSURE VESSELS AND FABRICA- 
TIONS IN ALL METALS - STEEL PLATE AND 
SHEET METALWORK - HEAVY MACHINING 
AND FITTING. 
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G. A. HARVEY & CO. (LONDON) LTD., WOOLWICH ROAD, LONDON, S.E.7. GREenwich 3232 (22 lines) 
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Be sure 
of getting your 


VE LOLING 


Go to a firm with the capacity to absorb your 
work and the experience to schedule it 
accurately. Robey have the capacity and are 


a 
on time ses Bee familiar with all types of welded construction. 


Deliveries are punctual and complete. 


Class | Pressure Vessels. They have produced 


to Robey's regular production includes Lloyds 
all-welded boilers up to 1300 Ib. p.s.i. working 


‘<5 — pressure. Rigid laboratory and X-Ray tests are 
speci ica ion . a constant check on every job, in addition to 


other normal factory tests. 


Robey'’s experience allows them to quote 
accurately and conform to their price. “Unfore- 
seen eventualities’’ don’t occur. And Robey 


uoted quotations are also competitive; next time 
ses ep ep 8 G6 you've work to place, get a proposal from— 


= 


ear 
OF LINCOLN 


ROBEY & CO. LTD. P.O. BOX 23 LINCOLN (TELEPHONE 213871) 
London Office: 11 Princes Street, Hanover Square, W.1. (Telephone: HYDe Park 4977) 
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A CO2 cylinder of new construction 

is now available. When full with 50 lbs. 
of liquid CO2 it will weigh little more 
than the present full 28 lb. cylinder— 





much easier for handling and storage. 
The cylinder is fitted with a plastic 
syphon tube and used in conjunction 
with the heater, ensures constant 
moisture content throughout 
withdrawal. (In a conventional cylinder 
considerable variation in moisture 
content is inevitable). 

The new 50 lb. cylinder will be 
specially painted, labelled and handled 
to avoid confusion with other types. 


new 
cylinder— 
specially 
designed 
for arc 
welding 


Citar ol eee 





Carbon Dioxide 


SUPPLY 


Bulk Liquid and Cylinders 





THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION STORAGE ~ 
Carbon Dioxide Department - Devonshire House Installation and Maintenance 
Piccadilly - London W1 - MAYfair 8867 


Sales Offices: 
Southern Area: Broadway House, The Broadway, Wimbledon SW19. Liberty 4661 
Northern Area: Queens House, Queen Street, Manchester 2. Deansgate 8877 
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More than 
‘equal to the 


ie 


‘extra service 


- demanded 


These cables 

are obtainable 

from the G.E.C. 
installation Equipment 
Group or direct from 


Pirelli-General Cable : 
Works Ltd. 
PIRELLI-GENERAL CABLE WORKS LTD... SOUTHAMPTON 
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Eutectic have specialised in advanced metal-joining techniques 

for more than 50 years, and today the unique “Low Heat Input” 
process enables you to REPAIR WELD - SAVE MORE on your equip- 
ment. Warping, distortion and embrittlement are minimised and long 
lasting repairs are made stronger, faster and more safely with EUTECTIC. 
Read in the new Maintenance Welding Data Book how you can save with 
on-the-spot repairs avoiding costly downtime, and wear-resistant overlays 
which considerably lengthen working life. This fact-crammed 68 page 
book is available free of charge from your local Eutectic technical represen- 
tative. Other services to industry include free technical advice, demon- 
stration, and training schemes. To get your copy fill in the coupon today. 


CAN 
SAVE 
MORE 
IN YOUR 


EUTECTIC-PLEASE SEND 
() Free Data Book 


The world’s leading metal-joining insti- 
tution with plants in London, New York, 
Lausanne, Frankfurt, Paris, Montreal, 
Johannesburg, Bombay, Melbourne, 
Tokio, Mexico City, Puerto Rico and 


PLANT 


Sao Paulo. Research Centres in U.S.A. 
and Switzerland. Affiliated companies in 
Brussels, Vienna, Caracas, Lima and 
Buenos Aires. Sales and service through- 
out the world. 


C) Weld Saving Report 


NAME 





BUSINESS ADDRESS 








EUTECTIC WELDING ALLOYS COMPANY LTD 


N ORTH FELTHAM TRADING ESTATE, FELTHAM, MIDDLESEX. Phone: FEL 657! 
- 
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MAPEL MEN are skilled in the supervision and inspection 
of welding, using either visual, x-ray, gamma-ray, ultrasonic 
or other non-destructive methods. 





Inspection of steel structures, tanks, pressure vessels, pipe- 
lines, and welded or fabricated equipment, can be undertaken 


to any specification. 


SE THE WATCHFUL EYE OF MAPEL WELDING 
INSPECTION SERVICE CAN PROTECT YOu 


Contact 
World Wide Service 


Hp METAL AND PIPELINE ENDURANCE LTD 


London Road, Woolmer Green, Hertfordshire 
Telephone: Knebworth 3083 Telegrams : Metaldure, Knebworth 
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rever you weld- 
Mersey Gables 
take 
the load 


Time is now—huge man-made 
structures of steel are pointing towards 
the sky, reaching new heights of 
development in which Mersey Welding 
cables are playing a leading part. 
They're made tough to withstand rough 
handling and all conditions of heavy 
duty in civil engineering, shipyards and 
Ls workshops everywhere. Slung high or 

ON) ev coiled low, Mersey cables take power 
il easily, conveniently, right to the 
“eo welder's hands. 

Available in all standard sizes. 

i Conductors are of copper, or, for extra 
te lightness, aluminium. Insulation can be 
a Vulcanised Rubber—P.C.P. sheathed if 
moon i required for added oil resistance—or 
me i) W til P.V.C. insulated and sheathed 
a a Wherever you weld—use Mersey 
mt. cables—they can take it. Get in touch 
won, = today, there’s a Depot listed in your 
wt" telephone directory. 


ii 
MERSEY <= 
CABLE SU) 
“ — 


= MERSEY CABLE WORKS LIMITED. 
——— LIVERPOOL 20, Phone: BOOTLE 4111 
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IT’S A WELDER’'S WORLD 





6 
EVEN the giant new BBC TV centre now dominating part of the London 
skyline belongs to the world of the welder. Prefabrication of the steel 
framework, by Messrs. T. C. Jones & Co. Ltd., of London and Treorchy, 


for this remarkable building was made possible by welding — with AE! electrodes. 


No other electrodes have behind them such vast research and engineering 
resources. No other electrodes are backed by wider user experience. In choosing 


AEI electrodes, you are specifying electrodes worthy of the welder. 


—a new name for the best electrodes 


Writ to: Associated Electrical Industries Ltd. 


Transformer Division, Heating & Welding Department, 
TRAFFORD PARK, MANCHESTER 17 





F-BRUARY, 1961 





THE FASTEST 

AND CHEAPEST WAY OF FIXING 
THREADED STUDS 

OR ATTACHMENTS LIKE THESE 
TOA METAL SURFACEIS... 





-.  Gompton Parkinson 
T CU MOBS emit ar 


! 


...- ASK US TO PROVE IT! 


CROMPTON PARKINSON (STUD WELDING) LTD-1-3 BRIXTON ROAD: LONDON +> SW9- TEL: RELIANCE 7676 
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THE CARBORUNDUM COMPANY LTD 


1911 - 1961 elem TRAFFORD PARK, MANCHESTER 17 


Telephone: TRAfford Park 238! Telegrams: CARBORUND, TELEX, MANCHESTER 
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PROFILING-FROM 
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HANCOLINE 


OXYGEN CUTTING MACHINE 


NO TEMPLATES NEEDED! 

Just how simple, how labour-saving, how time-saving has oxygen 
profiling become? You can’t know the complete answer until you’ve 
seen the electronic Hancoline in action. This special, streamlined 
machine, the result of 40 years of Hancock leadership in oxygen 
cutting, traces from a pencil drawing—automatically. 


It never needs Templates! 

Think what a saving that means in production costs and in storage 

space! The Hancoline uses the same drawing for cuts of different 

thicknesses, and dimensional inaccuracies can be corrected instantly. 

@ Fitted with Hancock roller drive—no physical contact 
between tracer and drawing. 

@ Cut width compensation on tracer head. 


The Hancoline is available with 38”, 60", 90” and 120” cutting widths. 


Write for full details 


HANCOCK 
& CO 


(Engineers) 


LTD 


PROGRESS WAY, 
CROYDON, SURREY 


Telephone: CROYDON, 1908 
Cables: Hanco Croydon 


The illustration shows the Hancoline 
with Automatic Height Control Units 
on the four burners; operated by remote 
control. 


HANCOCK—THE FIRST NAME IN OXYGEN CUTTING 
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THE 
INSTITUTE OF WELDING 


54 Princes Gate, London, $.W.7 


BRITISH WELDING RESEARCH 
ASSOCIATION 


19 Fitzroy Square, London, W.1 
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Keep ’em rolling... 





with the 
LINCOLN 


multi-spindle 
track roller 
rretnconmurispede roe = POSITIONER 


assemblies for track rollers and 
a central cone assembly for idlers. 


The efficiency of any track-type vehicle under the rugged conditions in which Weld-surfacing a tractor track roller 

it normally operates depends very much upon the maintaining of the bearing ‘ mounted on the Lincoln Multi-Spindle 

surfaces of the track rollers and idlers in first-class condition to ensure smooth ~~ Track Roller Positioner, using a 

and positive action of the tracks in all circumstances. | Lincolnweld type M.L. 3. (Remote 

Until recently the re-surfacing of track rollers and idlers could only be carried Kaneeny Seen vane oe - 
: ‘ : Welding Unit powered by a Lincoln 

out one at a time, and since there are often as many as 8 rollers and | idler S00 £00 Sater Cenncater ond ceil 

for each track of a vehicle such as a bulldozer this meant time and money on a Lincoln type L.L.C. Lightweight 

consuming delays in getting the machine back on the job. Column and Boom. 

Now, with the new Lincoln Multi-Spindle Roller/Idler Positioner 

these costly delays can be reduced to a minimum! 

Up to 6 rollers or | idler can be mounted on the positioner 

at one time, these then being weld-surfaced in sequence by 

a Lincolnweld Fully or Semi Automatic Welding Head 

powered by a Lincoln SAE 600 Motor Generator and 

mounted on a suitable column and boom (see photo- 

graph). This means that handling times are drastically 

reduced and welding times cut, enabling re-surfacing to 

be completed with maximum speed and re-surfacing 

costs to be slashed by as much as 50%. 





ua/e 


For further information on how to ‘KEEP "EM ROLLING’ 
with the new Lincoln Track Roller and Idler Welding Positioner 
please write to: 


LINCOLN ELECTRIC CO ) LT) 


WELWYN GARDEN CITY + HERTFORDSHIRE 
Telephone: Welwyn Garden 4581 
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IN 


MANIPULATING 


HEAVY 
PLATES 


This example shows a 423” x 
IL” thick plate formed to 1600 
mm. inside diameter—it was 
chamfered before forming— 
i.e. no allowance made for 
“flat’’, a good instance of the 
capability of the Hugh Smith 
Vertical Bending Press. 


a HUGH SMITH 
Machine Tool 


The machine, illustrated at 
right, is designed to manipu- 
late heavy plates and is 
capable of bending, flanging, 
complete circle bending, 
forming conical shapes, etc., 
efficiently and quickly. 
It is fully described in a 
new booklet which is 


available on request. 
e Made i f 800 tons to 3,000 tons for pl 19 
H u g h S mi t h (G | asg ow) L td °9 W up 00 12'x¥" ye 3 1,200 ton harmon 


HAMILTONHILL ROAD ° GLASGOW, N:2 
Telephone: POSSIL 8201/4 Telegrams: POSSIL, GLASGOW 
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Development of Structural and Metallurgical 


Requirements for Welded Hulls 


The author presents a brief history of the welded ship and the incidence 
of cracking in some of the wartime merchant ships. He then gives an 
account of the phases of the investigations into the causes of these 
fractures which eventually led the classification societies to draw up 
design and material specifications to meet the special problems brought 
about by welded fabrication. 


Early Welded Ships 


practices for the design and construction of 

welded ships can be carried on without refer- 
ence to past history, because the design of the present- 
day welded ship is the result of a process of evolution 
rather than being a unique development. 

Prior to the 1939-45 war a considerable amount of 
welding was being used in the construction of ships of 
all types but until the start of the conflict there were 
actually very few ships in the larger categories which 
could be referred to as being of primarily welded 
design. There were, however, a few notable exceptions, 
and to the courageous naval architects and owners 
who pioneered these the shipping industry owes a debt 
of gratitude. 

There were, however, before this period, a large 
number of smaller vessels of all-welded design, most of 
which were limited to certain restricted services. These 
included tugboats and barges for use in rivers, har- 
bours, and on the Great Lakes. The success of these 
smaller vessels brought the advantages of the welded 

esign to the attention of owners of ocean-going ships. 


Ni discussion dealing with present-day rules and 





per presented to the N. Eastern (Tyneside) Branch of the 
nstitute on 3rd March, 1960. 
Mr. Young is Principal Surveyor for Gt. Britain, Ireland, and 
Western Europe, of the American Bureau of Shipping. 
577 


The tremendous advantages of welding in tank barges 
and small tankers quite naturally impressed the owners 
of sea-going tankers and led them to investigate the 
possibility of using this method of design for their 
future ships. It is interesting to note in some of these 
earlier designs that, although the parallel middle body 
was for the greater part welded, riveting was main- 
tained in the ends of the ship. 

In 1940, before the United States had entered the 
conflict, the British Government contracted with two 
American shipbuilding concerns to build ships for 
their account. The contracts called for two shipyards 
to be built, one on the East Coast and the other on the 
West Coast of the United States. Each of these yards 
contracted to build thirty ships of a standard design. 
This design happened to be for riveted construction, 
and the shipyards were faced with the problem of pro- 
curing or training men to be riveters, since the existing 
yards in the States were at that time working to full 
capacity and there were no men of this trade available. 

Consequently, the design agents decided that under 
these conditions the only course open to them was to 
take the existing riveted design and adapt it to welding. 
These ships were given names with the prefix “Ocean” 
and consequently the design came to be referred to as 
the “Ocean” class. 

The United States Government knew full well that 
there would be in the very near future a serious short- 
age of merchant ships, owing to the rate at which 

















44 


allied ships were being sunk by German submarines. 
Some time before the United States actually became a 
belligerent, the U.S. Maritime Commission con- 
tracted with various existing shipbuilders to construct 
and operate a number of new shipyards throughout 
the country. 

The all-welded Ocean ships had proved to be an 
excellent design for rapid and easy construction, and 
mass production methods using large pre-fabricated 
sections was possible to a great extent. Moreover, the 
plans were already drawn and templates and patterns 
available. As an expediency then it was decided to use 
the Ocean type as a basis for the Maritime Commission 
design with erections modified to suit American crew 
accommodation requirements. 

These became the well known “Liberty” ships, of 
which approximately 2,700 were constructed between 
1942 and 1945. At the peak of production these ships 
were being made at the rate of six per day in spite of 
the formidable difficulties of training new shipyard 
personnel as well as building and organizing entirely 
new shipyards. 

When the contract for the construction of the sixty 
Ocean type ships was completed, the British Govern- 
ment turned their two shipyards over to the American 
Government through reverse lend-lease, and these 
two yards then were commissioned to build “Liber- 
ties”. 


Incidence of Fractures 


All this is well-known history, but it serves to 
emphasize the fact that the first all-welded ships pro- 
duced in any quantity were in effect based on a riveted 
design modified to suit wartime conditions. 

Early in the building programme, indeed starting 
with the Ocean ships, some troubles developed in the 
form of fractured plates. The surveyors in the ship- 
yards were instructed to report each and every one of 
these to the American Bureau of Shipping Head Office 
in New York, where an extensive study was made of 
them and all data were correlated. These surveyors’ 
reports included a detailed sketch of the fracture, 
sample plate drillings for analysis of the steel, and the 
ambient temperature at the time the failure occurred. 
The point of origin of the fracture was also noted as 
indicated by the ‘chevron’ pattern on the edge of the 
fractured plate. 

After a number of these ships entered service some 
of them developed fractures; and the surveyors cover- 
ing the repairs to these ships also forwarded detailed 
reports to the Head Office. 

The fractures thus reported were divided into three 
groups as follows: Group | involved a fracture in the 
material of the hull girder, i.e. bottom or side shell, or 
main deck plating, which had progressed to such an 
extent as to endanger the safety of the ship. Group 2 
fractures included those in the hull girder which were 
of such a nature and extent that they did not endanger 
the ship. Group 3 fractures included miscellaneous 
small fractures in the internal structure which could in 
no way weaken the hull girder. 

It should be emphasized that out of more than 2,700 
Liberty ships built during the war years only 99 of 
these sustained Group | fractures. Of these, only three 
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broke completely in two, and four were abandoned by 
their crews. 

A large majority of these fractures occurred when 
the ship was in the ballasted condition in the North 
Atlantic returning from the United Kingdom to North 
America after having delivered her cargo of war 
material. They carried only 1,500 tons of gravel ballast, 
an amount really insufficient for their size. Conse- 
quently, they bobbed around like corks and the hull 
structure was subjected to strains in excess of those to 
which any ship would be subjected in normal peace- 
time operation. 


Causes of fracture 

A study by the American Bureau of all the casualty 
reports revealed some salient facts. In practically all 
cases where a fracture occurred, a notch was present. 
The notch could be in the form of a structural dis- 
continuity, a metallurgical defect, or a flaw caused by 
faulty workmanship. A notch caused by an incom- 
pleted weld in the hull was a frequent cause of frac- 
tures during construction of the ship; frequently a 
welded butt or seam was thus left incomplete owing to 
a change of working shift or the welder’s services being 
needed on some more urgent job. 

A second significant factor which emerged from 
studies of the reports was that the ambient temperature 
at the time of the occurrence of the break was com- 
paratively low. Southern shipyards experienced com- 
paratively little difficulty with fractures during con- 
struction, whilst those in the North did. On the other 
hand, those ships built in the Southern yards suffered 
more difficulties in service when they sailed north into 
colder climates than did the ships that were built in 
the Northern yards. 

The structural discontinuities in the hull, which 
were a source of many of the fractures in service, were 
found to be in many.cases minor details which had 
been inherited from the riveted design; in the riveted 
structure these caused no trouble whatsoever, but 
such was not true in the all-welded hulls. They 
included such details as the point where a welded bilge 
keel butt contacted the bilge strake and where the bilge 
keel itself crossed a bilge strake butt. Square hatch 
corners and discontinuities in the bulwarks, which 
were welded to the upper edge of the sheerstrake, were 
other trouble spots. In a welded ship the bilge keel and 
bulwark plating when welded to the hull acted as part 
of the hull girder, although these members being of 
light scantlings were never designed to do so. Conse- 
quently, they might fracture under load and the frac- 
ture would propagate into the hull girder itself. Such 
troubles of course never occurred in riveted ships. The 
American Bureau then redesigned all these details and 
sent out instructions to all surveyors calling for 
examination of each ship and modification of all such 
details. Bulwarks were kept as free as possible of the 
sheerstrake, and bilge keels were sniped at their butts 
and at butts in the bilge strake. Hatch corners were 
rounded and all other structural discontinuities were 
eliminated. 

Another detail change which had far-reaching 
consequences involved the arrangement of the butts of 
the shell plates. In a riveted ship classification rules 
required that the butts of shell plates should b2 
staggered sufficiently so that no two butts occurred in 





















































































the same frame space in adjacent strakes. This require- 
ment of course was a result of the fact that no riveted 
connection could be 100% efficient. The earlier 
Liberty ships were built with staggered welded shell 
butts copied from the original riveted ship plans. Not 
infrequently fractures occurred at the ends of the 
welded shell butts and propagated into the plate of the 
adjacent strake. The cause of this trouble could usually 
be traced to improper sequence of welding, in that the 
welding of the seam had been completed prior to that 
of the butt. The probability of this occurring was 
greatly reduced by eliminating the staggered butts and 
introducing what is now referred to as the ‘girth’ butt; 
as the name implies the shell butts are all in line around 
the complete girth of the hull. This was a tremendous 
help from the production point of view as it enabled 
much larger but less cumbersome units to be sub- 
assembled in the ship and erected on the slipway. 

As an additional safeguard a riveted gunwale con- 
nection was fitted to all ships building, or to be built, 
and to those ships already in service; this same altera- 
tion was carried out as soon as possible without hold- 
ng up the war effort. 


Use of crack arrestors 

A particularly interesting fact which emerged from 
the statistical studies of structural failures was that the 
Liberty ships built in one particular yard suffered no 
Group | casualties. This was in spite of the fact that 
these ships had all the structural discontinuities 
common to the other Liberties. In one respect they 
were different, however; the seams of the bottom and 
side shell plating were riveted, whereas in all other 
yards the seams were welded. The yard which built 
these had chosen to rivet the seams purely because it 
suited the method of erection and layout in the yard 
and because riveters were available. 

The conclusions drawn from this pointed to the 
fact that some form of longitudinal riveted connection 
in the hull was called for. The most logical place to 
locate such was at the gunwale and thereby evolved 
the requirement for a riveted gunwale connection. In 
the early stages someone nicknamed this a ‘crack- 
arrestor’ and this term has remained, it being today an 
almost recognized technical term in the naval archi- 
tect’s vocabulary. 

Although there is no denying that such a connection 
does act as a crack stopper, it goes much further, in 
that it appears to act as a crack preventer as well. It 
appears to give the welded structure the necessary 
degree of flexibility which it wouid otherwise lack. It 
also prevents the cumulative residual tension stresses 
resulting from the welding of the hull itself from being 
transmitted to the deck. 

As a result of the structural alterations mentioned 
the number of fractures occurring to vessels in service 
decreased gratifyingly. As each existing ship was 
altered, and with those coming off the ways having the 
changes already built into them, the occurrence of 
failures was reduced to a negligible amount. A study of 
the graphs shown in Fig.1 bears out this statement. 

Records were still kept of the ships to permit a com- 
parison between their service records before and after 
the alterations were carried out. To do this it was 
necessary to reduce the data to some common denom- 
inator, for the total number of casualties meant 
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1—Chart of failures in Liberty ships, showing effect of alterations 


nothing unless the length of time each ship had been in 


service was also known. The records were therefore 
kept on the basis of ‘ship-years’ of service, where a 
ship-year represents one ship in service for one year, 
or twelve ships in service for one month. To calculate 
the total number of ship-years, the total number of 
ships in operation is multiplied by the total number of 
years these ships have been in service. 

Referring to Fig.1, the light dotted line shows the 
ship-years in service. The lower solid line shows the 
total number of major casualties at any particular 
date. This curve shows cumulative totals and indicates 
the sharp rise in casualties which was experienced 
between the Autumn of 1942 and the Winter of 1943- 
44; this was the early period when our studies were 
being made and our recommendations for altering the 
ships were being carried out. At the end of this period 
this curve begins to flatten out, proving the efficacy of 
the various structural alterations. The upper solid line 
gives the percentage of major casualties to ship-years 
in service and shows how the peaks occurred in the 
winter months. 

The curve showing the percentage of major casual- 
ties to ship-years in service for ships with structural 
alterations has a pronounced peak during the first 
winter in which these altered ships were in service; this 
was caused by the occurrence of one major casualty 
related to the relatively small value of ship-years. 

The experience and knowledge gained as a result of 
the statistical studies of Liberty ship casualties was 
applied in the design of subsequent merchant ships 
built under the war programme. These latter ships 
were of necessity also of primarily welded design and 
included the “Victory” ship and a 320 ft long cargo 
ship with machinery aft known as the C/—M-AVI. 
Both types incorporated the riveted gunwale connec- 
tion, and their service records, which were free of any 
major structural failures, proved that a merchant ship 
of an almost completely welded design was not only 
desirable from an economic viewpoint but could be 
100°% seaworthy as well. 


Metallurgical Features 


Gratifying as these results were, there still occurred 
a small number of structural failures, the causes of 
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which had not yet been fully explained. All available 
evidence seemed to point to the material of which the 
hulls were built, namely the steel. Here again we were 
forced, as a result of wartime production require- 
ments, to use the same type of steel that had always 
been used for riveted ships. 

In 1943 an all-welded T2 tanker, which had just been 
completed, was lying at the builders’ outfitting pier 
awaiting formal acceptance when she broke in two 
without any apparent cause. She was afloat in still 
water in the light condition; the temperature at the 
time of the break was not excessively low. In fact, 
there was no apparent cause for the casualty, so a 
special committee of experts was organized to investi- 
gate all possibilities. Among the committee members 
was a metallurgist and it was he who first raised the 
question of the suitability of the steel in the hull for 
such a large all-welded structure as a ship. He ques- 
tioned whether the notch-toughness of the steel was 
sufficiently high at the temperature at which the frac- 
ture occurred. None of the classification societies’ 
rules at that time had any impact requirements for 
hull steel; they specified only that the steel had to be 
manufactured by either the open-hearth or electric 
furnace processes and specified a tensile range, yield 
point, elongation, and bend test. 

As a result of all the data accumulated by the 
American Bureau of Shipping and other organizations 
from the wartime shipbuilding programme the 
Bureau felt that some revision of their hull steel 
specifications might be required, and consequently, in 
1947 they organized a special Sub-Committee on 
Materials to study the question. All pertinent data 
were made available to this sub-committee. 

This sub-committee’s principal aim was to investi- 
gate the various types of mild steel with a view to 
specifying one whose notch impact values would be 
superior to those of the steel which was at that time 
being used for hull construction. 

The sub-committee’s recommendation was that the 
specification should include the chemical composition 
of the steel and that for thicker plates (over | in. thick) 
the steels should be fully-killed and made with fine 
grain practice. 

Consequently, the American Bureau revised their 
hull steel requirements and the following table was 
included in the 1948 Rules: 


Class B Class C* 
Plates not Plates over Plates over 

exceeding }in. 4} in. but not 1 in. 
and all profiles exceeding | in. 

C, max. % — 0-23 

Mn, % 0-60—0-90 

P, max. % 0-04 0-04 

S, max. % 0-05 0-05 

Si, yA _— — 


Class A 


0-25 
0-60 —0-90 
0-04 
0-05 
0-15-0-30 





* Plates produced to the requirements of Class C shall be made 
with fine grain practice. 


It will be noted that the various classes are divided 
according to the thickness of the plate. From experi- 
ence with the war-built ships it was found that very 
little, if any, trouble was experienced with plates 
under 4 in. thick, and consequently the specification 
for plates in the Class A thickness range was basically 


not altered. The majority of the wartime fractures 
occurred in the 4-1 in. range and consequently the 
Class B specification was introduced as a low-carbon 
comparatively high manganese steel, resulting in 
improved notch-impact resistance qualities. Up to 
that time there had been very little call for plates over 
1 in. thick, but some larger tankers were being con- 
tracted for which called for these heavier plates, hence 
the Class C specification was included calling for a 
full-killed steel made with fine grain practice. 

It should not be inferred from the foregoing table 
that these requirements call for three different quali- 
ties of steel. Indeed the very opposite is true in that 
they aim at one quality of steel for any type or size of 
ship in any location in the hull. Different thicknesses 
of steel plate have varying susceptibilities to ‘notch- 
sensitivity’ and the three classes therefore aim to 
ensure that plates of different thicknesses will perform 
in equal manner when incorporated in the hull struc- 
ture. 

The scheme of grading the steel according to 
thickness was of obvious advantage to the shipbuilder. 
It facilitated his plate storage problem in that all he 
had to do was check a plate’s thickness and he im- 
mediately knew its specification. 

At the time that these specifications were adopted in 
1948 there were under construction, to American 
Bureau of Shipping class, a large number of tankers in 
the 26,000—28,000 deadweight ton class. These ships 
were referred to as ‘super tankers’ and were considered 
at that time to represent the largest size tanker which 
would prove economically sound. The thickness of 
plating required for the bottom, bilge, side shell, and 
strength deck plating was slightly in excess of 1 in. and 
hence our A, B, and C classes covered the range of 
plate thicknesses required for this size of ship. 


Effect of plate thickness 

As we all know, the size of tankers increased rapidly 
thereafter to 30,000, 45,000, 60,000 deadweight tons 
and today the 70,000, 80,000, and even 100,000 tonners 
are a reality. 

The increased size of ships naturally called for 
greater thicknesses of steel plate to give the necessary 
additional longitudinal strength required. Conse- 
quently, in 1953 the American Bureau of Shipping 
decided that some further control was required in the 
case of the thicker plates which were being called for in 
the designs of the larger tankers, and it was decided to 
set a limit of 1? in. thickness for the Class C material. 
For plates of greater thickness the material had to be 
specially approved. Generally, plates made to Class C 
specification and normalized after rolling were found 
to be satisfactory for these greater thicknesses. 

It is gratifying to note that in regard to dangerous 
fractures in the main strength members of the hull 
girder of ships having steel conforming to the fore- 
going specification, the service records have proven 
entirely satisfactory. However, at about this time, 
several post-war built ships not to ABS classification 
did suffer some very severe structural failures, some of 
which involved the complete breaking in two of the 
ship. 

Investigation showed that although the steel in these 
ships did not meet ABS requirements, it was not very 
far removed therefrom. In one case the } in. thick 
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plating at the source of the fracture missed ABS 
Class B requirements by a small amount of manganese. 
In another case the plate at the source of fracture did 
conform to Class B requirements, but it was slightly 
over | in. thick. 

The two cases raised the question whether or not the 
Class B specifications were adequate to ensure that 
there would be no such casualties in the future on ships 
built of steel meeting ABS requirements. Conse- 
quently, the Committee decided to modify the Class B 
Specification to ensure a greater margin of safety, and 
in 1956 it was changed to limit the maximum carbon 
content to 0-21 % and to alter the range of manganese, 
which is now specified as 0-80-1-10%. At this same 
time the Class C requirements were slightly altered 
with reference to the carbon content, the upper limit of 
which was lowered to 0-:24%. 

Figure 2 shows graphically the temperatures at 
which the Charpy V-notch tests indicated average 
values of 15 ft-lb for plates manufactured to the new 
and the old ABS specifications. The solid dots show 
the results from plates selected at random and pro- 
duced to the specifications which was in effect prior to 
1948. The crosses show values for plates produced to 
he requirements adopted by ABS in 1948 and the 
triangles indicate results for plates manufactured in 
iccordance with the revised specifications adopted in 
1956. 

Some experts expressed the opinion several years 
igo that any steel which showed a maximum Charpy 
V-notch value of 15 ft-lb at over 60°F. was dangerous. 
There was, however, insufficient evidence available to 
permit anyone to state with any degree of assurance 
just how much lower this temperature should actually 
be. Figure 2 shows that some of the material to 
1948-55 ABS Class B specifications was not too far 
removed from this 60° line; the improvements result- 
ing from the specifications as revised in 1955 are 
clearly indicated by the triangular points. 

These revised specifications were generally accepted 
by the steel mills throughout the world, with a few 
exceptions. Some manufacturers objected to the 
inclusion of the rigid limitations for chemical analysis 
and to the requirement for Class C steel to be fully- 
killed and made with fine grain practice. Their claim 
was that their steel-mill practice and manufacturing 
experience enabled them to produce a semi-killed 
steel, having a chemical make-up not necessarily in 
accordance with our 1956 revised specifications, which 
would have a Charpy V-notch impact value equivalent 
to the fully-killed steel. The proponents of this method 
argued that our specifications should be set up on the 
basis of acceptance tests rather than on that of a 
‘recipe’. These mills produced results of their own 
laboratory investigations to prove their contentions. 


Co-ordination of Steel Specifications 


Aside from the metallurgical aspect the proponents 
of a specification based on acceptance tests also raised 
the question of the economics of the matter. The mills 
whose facilities were not basically set up to produce 
fully-killed steels had to charge an extra when called 
upon to produce ABS Class C steel. This added cost 
had to be passed on to the shipbuilder and, of course, 
ultimately to the owner. 
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The shipbuilders were naturally vitally interested in 
this question of steel specifications, not only from the 
viewpoint of cost but also of availability. We all know 
that steel was in short supply during the post-war 
years and this shortage is only now becoming less 
acute. Their principal argument was that the various 
classification societies with whom they had to deal all 
had different requirements for steel. Their storage 
problem, as far as steel was concerned, became 
serious when they had contracts to build ships to three 
or more classifications. In this they had good grounds 
for complaint. 

However, the classification societies were not blind 
to this problem of the shipbuilders for they had been 
working together for some time in an effort to produce 
some uniformity in their specifications. 

The ABS had been studying the matter of alter- 
native specifications very seriously with the thought in 
mind that a specification could be written on the basis 
of Charpy V-notch acceptance tests as an alternative 
to their prescription requirements. Samples were 
picked at random from production heats of semi- 
killed steel from those mills which were particularly 
interested in the ‘acceptance tests’ type of specification. 

The samples were subjected to rigid tests in the 
Bureau’s own laboratory and the results were care- 
fully analysed. As a result of those investigations the 
Bureau’s steel specifications were further revised in 
1958 to permit the use of semi-killed steel in plate 
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Table I 
Steel specifications 





Grade A 


Method of manufacture As Paragraph 1 
Deoxidation (a) Any method 


Austenitic grain size 
(McQuaid-Ehn method) ASTM 
scale (see ASTM E122-S8T) 


Chemical composition, 
analysis) 
Carbon (a) 
Manganese (a) 
Silicon — (d) 
Sulphur 0-05 max. 
Phosphorus 0-05 max. 
Tensile test 
Tensile strength 
Elongation 
Impact test 
Temperature, °C. -_- 
Energy, ft-lb -- 


% (ladle 


See Para. 15 


(7) Bend test 


(8) Heat treatment See Para. 25 


0-21 max. 

(6) 0-80 min. 
— 0-15 to 0-30 
0-05 max. 
0-05 max. 


26-32 tons/sq.in. or 41-50 kg/sq.mm or 58,000—71,000 Ib/sq.in. for « ‘ome 
See Para. 15 See P: 


B cS D E 
As Paragraph 1 
Any method 
except rimmed 
steel 


As Paragraph | 
Fully-killed, 
fine grain 
practice 
(Alum. treated) 
5 or finer 
To be determined 
for each ladle 
from each heat 


As Paragraph 1 
Fully-killed, 
fine grain 
practice 
(Alum. treated) 
5 or finer 
To be determined 
for each ladle 
from each heat 


As Paragraph 1 
Any method 
except rimmed 
steel 


0-21 max. 0-18 max. 
(e) 0-60 to 1-40 (f) 0-70 to 1-50 
0-35 max. 0-10 to 0-35 
0-05 max. 0-05 max. 
0-05 max. 0-05 max. 


(c) 0-23 max. 
(d) 0-60 to 0-90 


0-05 max. 
0-05 max. 


See Para. 15 See Para. 15 
—10 
35 min. 45 min. 
° Every plate to 
be tested 


ara. 


As Paragraph 16 As Paragraph 16 As Paragraph 16 As Paragraph 16 As Paragraph 16 
See Para. 25 


Normalized over See Para. 25 Normalized 


13 in. thick 





(a) For plates of thicknesses over $ in., 
the carbon content. 


(b) When the Si content is 0-15°% or more (killed steel) the minimum Mn content may be reduced to 0-70 % c+ Me 


the material is to be killed or semi-killed and the Mn content is not to be less than 2-5 times 


<0-40. 


(c) Plates specified to be normalized may have a "ys carbon content of 0-24%. 


(d) Upper limit of Mn may be exceeded provided C+ 
0-40. 


., Mn 
(e)C _" 


., Mn 
(f)C . 


0-40. 


thicknesses of over 4 in., provided that it had a Charpy 
impact value of 35 ft-lb at 0°C. 

The economics of the question were also studied with 
particular reference to the necessity for requiring the 
use of the higher and moreexpensive grade of steel for the 
less highly stressed portions of the hull girder. Conse- 
quently, a clause was inserted in the Rules permitting 
the use of a steel for plates over } in. thick having a 
carbon—manganese ratio of not less than 2-5 in the less 
highly stressed parts of the hull. This is only per- 
mitted with the consent of the owner of the ship and is 
specifically prohibited for use in the bottom shell, 
bilge strake, sheerstrake, and strength deck plating 
within the midship one half length for ships with 
machinery aft, and 0-4 length for those with machin- 
ery amidships. 

At about this time considerable progress had -been 
made towards a general agreement among the classifi- 
cation societies in regard to steel specifications. This 
resulted in the formation of a specification covering 
five classes A, B, C, D, and E as shown in Table I. 

Classes A, B, and C are the same as the American 
Bureau’s 1956 specification, based upon thickness and 
accepted on the basis of chemical composition. 

Class D covers a high-manganese low-carbon steel 
using any deoxidation process (rimmed steel is not 
permitted) suitable to the manufacturer. It may be 


<0-40. 


used for all plates over } in. thick but not exceeding 
13 in. Acceptance of this steel is based on a Charpy 
notch impact value of 35 ft-lb at 0°C. 

Class E is a fully-killed, fine grain, high-manganese, 
low-carbon steel, normalized; it may be used for all 
hull structural material in any thickness. Its acceptance 
is based on its having a Charpy notch impact value of 
45 ft-lb at —10°C. 

As stated earlier, some form of longitudinal riveted 
connection in the hull girder had proved to be valuable 
not only as a so-called ‘crack arrestor’ but also as a 
crack inhibitor. Consequently; the Bureau’s Rules now 
require a certain number of these longitudinal riveted 
connections, depending upon the length and type of 
ship. 

In the smaller ships very little, if any, fracture 
troubles have been experienced; consequently, for 
ships under 250 ft long no riveted connections are 
required. 

For cargo ships with machinery amidships one 
riveted connection at the gunwale is recommended for 
lengths between 250 and 400 ft. Between 400 and 
500 ft one riveted bottom shell seam is required at the 
lower turn of the bilge, and for lengths over 550 ft a 
third riveted connection should be fitted in the form of 
a riveted strength deck seam just outboard of the 
hatch side girder. 
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For tankers, ore carriers, and other ships of similar 
types with machinery aft, the requirements are the 
same as for machinery amidships vessels in the 250—- 
400 ft length category. Between 400 and 550 ft four 
riveted connections are recommended, two in the 
bottom shell plating, one at the upper turn of the 
bilge, and one at the gunwale. Over 550 ft, one addi- 
tional riveted connection should be incorporated in the 
form of an upper deck seam. 


Prospect for the Future 


The record of ABS classed ships built since the war 
and incorporating steel complying with their steel 
specifications as formulated in 1948 and subsequently 
revised, has been free of any major structural troubles. 
There are many people in the industry today who feel 
that the Bureau is over-conservative ; these include not 
only some shipbuilders, but some owners as well. 
There may be some justification for their opinions, 
out there is no one today who can say positively that 
the 100% all-welded ship will be entirely free of 
structural failures. No such service records are 
ivailable to the industry now for post-war built ships 
is were available for the Liberty ships. It would take 
nany years before any of the post-war designs could 
iccumulate the ship-years of service which the 
Liberties did. In fact in most cases such would be im- 
sossible within the economic life-span of the present- 
lay ship. Comparison then on such basis is impossible. 

Be that as it may, the tremendous advantage that 
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the all-welded ship has for the owner and the ship- 
builder is appreciated. Even the slightest grounding 
will start rivets leaking in the bottom plating whereas 
a welded bottom can take terrific punishment without 
developing a leak. These advantages must be weighed 
against the possibility of a complete failure of the all- 
welded hull. 

The proponents of the all-welded hull contend that 
a strake of special high notch-tough steel will be as 
efficient a crack arrestor as the riveted seam. As far as 
the American Bureau knows this has never been 
proven. As a matter of fact, it was disproved in an 
experiment carried out in the United States several 
years ago. In this experiment a large spherical tank was 
fabricated in steel using all-welded construction; some 
of the plates were ordinary mild steel and others of 
high notch-tough quality. The sphere was subjected to 
an internal pressure at a comparatively low ambient 
temperature and a fracture was initiated in the mild 
steel which propagated into and through the notch- 
tough plate. 

It is undoubtedly hardly reasonable to compare a 
steel sphere subjected to a static load with such a large 
and complicated structure as the hull of a ship that is 
subjected to hydrostatic and dynamic loading; never- 
theless the test on the sphere does give food for 
thought. 

However, we are constantly gaining knowledge and 
widening our experience of the welded ship structure 
and the time may not be far off when the all-welded 
ship will have proven its complete reliability. 


Discussion 


N. M. Hunter: I agree that before the 1939-45 war a lot 
of welding was done in new ships of all sizes, yet most of 
the completely welded ships were of. comparatively small 
size. We must remember that shipowners and Classification 
Societies approached the problem with extreme caution. 

I began experimenting with electric welding in ship- 
building as long ago as 1913, and although I continually 
increased the extent of welding in the ships with which I 
was associated, I found shipowners unwilling to go in for 
all-welded new ships. 

Fortunately a Canadian Company, with no prejudices, 
placed an order for an oil tanker barge with the Wallsend 
Shipyard in 1932, to be named Peter G. Campbell, with 
dimensions 179 x 34x 15 ft, and agreed that she be all- 
welded. The Classification Society arranged for this ship 
was The British Corporation and this was the first ship 
designed and built for fabrication by welding. In 1933 I 
read a paper at the North East Coast Institution of Engin- 
eers and Shipbuilders, giving a completely detailed specifi- 
cation of the fabrication, welding, testing, erection and 
completion of this ship. Copies of the paper were sold by 
the Institution to all the shipbuilding countries in the world 
and it became the standard for fabrication by welding. 

This ship was quickly followed by the Moira, a sea-going 
oil tanker for Norwegians, and by a number of ships for 
the Canadian canals, all fabricated by welding. 

In 1918 an all-welded barge 125 ft long was built at 
Richborough for the War Office, and in 1920 the first all- 
welded sea-going cargo ship was the 150 ft long Fullagar 
built by Messrs. Cammell Laird and Co. of Birkenhead. 

Up to the year 1940, while Britain stood alone in the war, 
our ships were being seriously reduced in number by enemy 
action, so in September of that year the British Government 


sent Mr. R. C. Thompson (Shipbuilder) and Mr. Harry 
Hunter (Engineer) as members of a Technical Mission to 
the United States and Canada to arrange for the building 
and delivery of merchant ships from those countries. 

The results of that mission were given by these two in the 
Eleventh Andrew Laing Lecture on 27th November 1942, 
and it is safe to state that as a result of that mission came 
the enormous amount of tonnage so quickly produced. The 
basic design and plans brought by Mr. Thompson were for 
riveted construction, but were altered to fabrication by 
welding to increase the speed of construction, so that parts 
of ships could be fabricated in various districts, brought to 
the shipyard, erected in position on the berth and welded 
together. This was advisable because although America at 
that time had about 2 million unemployed yet there was a 
shortage of skilled riveters in their shipyards, and welding 
operatives and supervisors could be quickly trained. 

The author points out that troubles developed in the 
form of fractured plates some of which were so serious as 
to endanger the safety of the ship. Some causes of these 
failures are mentioned and it is regretted to see in these 
cases evidence of faulty inspection of the work as it pro- 
ceeded. 

The author also mentions square hatch corners and dis- 
continuities among minor details which were inherited 
from the riveted design and which gave trouble in the 
welded ship although not in the riveted ship. In fact these 
items gave a lot of trouble in riveted ships and special 
doublings were fitted to deck plating and shell in an effort 
to prevent cracking. 

The staggered shell butts were another source of trouble 
with fractures at the ends of the shell butts which propa- 
gated into the plate of the adjacent strake. This I think was 
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due to lack of experience and supervision in allowing the 
seams to be welded before the butts. 

The author mentions that to cure these structural 
troubles they introduced a riveted gunwale bar. This I 
consider to be bad practice and a possible source of weak- 
ness. As every practical steelworker knows not only does 
the putting of holes in a bar and a plate edge cause weak- 
ness but the process of riveting, especially if hydraulically 
done, stretches the material. As this riveting of gunwale 
bar is done after the structure has been welded it is stretched 
and can take up no strain, at te top of the girder, until the 
welded part of the structure has stretched. 

I have always considered these structural failures to be 
due principally to lack of material. Owing to the quantity 
of iron and steel needed for the war effort the Admiralty 
arranged for the steel mills in Britain and America to roll 
the material to the lower of the usual rolling tolerances. 
This we can assume meant that plates were sometimes 
slightly thin. In addition, the amount of material in the 
welded ships was reduced by the amount of overlap re- 
quired for riveting. This seems to be proved by the author 
when he states that in one yard where Liberty ships had 
their bottom and shell seams riveted there were no failures, 
in spite of the fact that these ships had all the structural 
discontinuities common to all the other Liberties. 

I regret to see that the Bureau have written in their rules 
the riveting of not only a gunwale bar but also up to four 
seams in the shell and one each side on the deck. I consider 
this to be very bad practice and until I retired ten years ago 
I refused to have a riveted gunwale bar or any other mix- 
ture of riveting and welding in any ships I had to do with, 
excepting four ships where the owners, who never had any 
experience of welding, specified that the seams of the shell 
should be riveted. 

One of the all-welded tankers built by Swan Hunter and 
Wigham Richardson in 1948, the Hyalina, 550 ft x 70 ft x 
40 ft 6 in., when 30 hours out on her first voyage in ballast, 
struck a submerged object west of St. Kilda and, as stated 
in a paper read by Mr. E. J. Hunter at a meeting of this 
Institute in December 1948, “She proceeded under her 
own power to dry dock in Belfast where it was found she 
had received severe damage to the port-side bilge outside 
the longitudinal bulkhead. The plating was torn right along 
leaving the whole of the port side open to the sea.” 

The ship was undocked and proceeded under her own 
power to the Swan, Hunter dry docks at Wallsend where 
she was repaired. Mr. E. J. Hunter states in his paper: 


“On examination it was found that no fractures had 
occurred in the original welds and that the cracks had in 
fact been arrested where they met the welds. This fact 
applied throughout the remainder of the structure.” 


Here let me point out that neither this ship nor her sister 
the Helicina had a riveted gunwale or any other riveted 
patch, and so far as I am aware they are still sailing without 
troubles. 

So far as riveting is concerned I have never thought it 
contributed to the elasticity of the structure; I consider the 
elasticity to be in the material only. 

From experiments made it has been proved that in a 
properly riveted joint there is no slip. If slip occurs the rivet 
connection is gone. 

In all fairness it must be pointed out that of the enormous 
number of welded ships built in America during the last 
war very few presented serious trouble. Before the days of 
welding many troubles, breakages, and losses occurred 
with riveted ships but attention was not widely drawn to 
them. When welded ships came ziong, every little trouble 
was noised abroad. 

Again let me say that the vast American output of ships 
was given by workmen and supervisors among whom only 
about 24% had previously any shipbuilding experience. 
They were drawn from the two million unemployed in 


America at the early stage of the war which gave a great 
field to draw from and train, to build new yards, alter 
existing yards, train to fabricate, weld and supervise the 
work of welding and building ships. 

Certainly a magnificent job was done and I thank the 
author for his most interesting and valuable paper. 


H. P. Urwin (Principal Surveyor, Lloyd’s Register of 
Shipping): Mr. Young’s paper is an interesting and useful 
brief survey of the circumstances leading up to the present- 
day requirements of the Classification Societies for welded 
ships, particularly in regard to the quality of the steel. 

As is quite natural, the paper is mainly concerned with 
the American Bureau of Shipping and emphasizes the part 
undertaken by that Society in the development of modern 
requirements. One may be permitted, however, for record 
purposes, to remark that all the other Classification 
Societies, and in particular Lloyd’s Register of Shipping, 
have contributed materially to these developments. Indeed 
the ‘unification’ scheme for steel, summarized in Table I 
of the paper, has been carried through its long and difficult 
series of negotiations largely by the efforts of Lloyd’s 
Register, which acted as Secretariat for the conferences of 
the seven participating Classification Societies. 

Although the American Bureau of Shipping was in the 
unfortunate position of having to bear the main brunt of frac- 
tures in war-time built welded ships, the other Societies 
were by no means unconcerned and took an active part in 
the investigations from the beginning, as did the Admiralty 
Ship Welding Committee. In fact the incidents of bad weld- 
ing design and trouble spots listed by the author are amply 
illustrated in the Admiralty Reference M2 entitled ““The 
Application of Electric Arc Welding to Ship Construction”. 
Evidence of the various investigations has been given in 
arecent paper by Hodgson and Boyd before the Royal In- 
stitution of Naval Architects. 

It is believed that the measures taken by the American 
Bureau of Shipping to amend their steel specifications were 
to a large extent conditioned by the particular circum- 
stances prevailing in the American steel industry. Other 
Classification Societies, however, and especially Lloyd’s 
Register, had to frame their- requirements to take into 
consideration the conditions in all parts of the world. As 
an example of this Mr. Young has indicated the differences 
in outlook in what he refers to as ‘recipes’ versus acceptance 
tests as a basis for specifications; the former being more 
popular in America, and the latter in the rest of the world. 
It is fortunate that a compromise has now been reached in 
the ‘unified’ requirements. 

Mr. Young has indicated the thickness limits for accepta- 
bility of the unified grades of steel. It should be noted that 
he is referring to the ABS requirements and that other 
Societies have somewhat different views on this point. In 
particular, some other Societies have regard not only to 
the thickness, but to the position of the plate in the ship 
and the structural importance of the structural members 
concerned. 

The author makes the interesting statement that the 
effectiveness of specially notch-tough steel as a crack 
arrestor was disproved by an experiment. Such disproof is 
problematical and it is doubtful whether it is possible to 
prove or disprove such a broad question. Indeed, other 
experiments could be quoted which appeared to demon- 
strate the efficiency of notch-tough steel as a crack arrestor. 
It is a fact, however, that both forms of crack arrestors, 
i.e., riveted straps and notch-tough strakes of plating, have 
proved effective in arresting service fractures, but on the 
other hand there have been occasions when both have 
failed. All that can be said definitely is that both forms are 
effective, but the actual degree of their effectiveness is not 
measurable and so it is impossible to draw comparisons 
between them. 

(see also p. 67) 





Band Reinforced and Layer Built 


By P. J. Palmer, PH.D., M.SC., MEM.A.S.M.E. 


Pressure Vessels 


In band reinforced pressure vessels a cylindrical shell is reinforced with bands 
which carry only hoop load, the bands themselves being constructed from layers 
of thin plate; in layer built vessels the bands are joined by circumferential 
welds, so that longitudinal loads are also carried by the reinforcement. 

The theories behind these vessels are outlined and their merits emphasized. 
The methods of design are discussed and the relevant formulae given. Particular 
reference is made to recent experiments carried out on both types of vessel. 


Introduction 


both an increase in internal pressure and an 

increase in vessel diameter. Both these require- 
ments call for increased vessel wall thickness and this 
demand poses many problems to the designer. The 
high-pressure vessels are required for certain processes 
in the chemical and petroleum engineering industries, 
and the nuclear engineering industry requires the con- 
struction of large-diameter vessels. Whether or not 
these vessels are site or shop fabricated, the funda- 
mehtal issue of achieving large wall thicknesses of high 
quality still remains. 

At present, site fabrication has not been carried out 
on vessels thicker than about 4 in. A limited amount of 
shop fabrication has been done with plates of up to 
nearly twice this thickness. Apart from the obvious 
difficulties associated with the welding of such thick- 
nesses, a major limitation arises from the lack of a 
convenient non-destructive testing technique. This 
limitation is particularly acute for site fabrication, but 
even in the shop it is not easy to obtain the required 
sensitivity for examination of welds on the very thick 
plate, particularly if the high standard of examination, 
at present required on nuclear projects, is to be 
maintained. 

Furthermore, the metallurgical condition of steel 
plates deteriorates with increase in thickness, and this 
emphasizes the desirability, from a design aspect, of 
an endeavour to use forms of construction which 
utilize thinner plate. 

The use of thin plate simplifies the welding pro- 
cedure and reduces the total volume of weld metal to 
be deposited. Furthermore, with thin plates, large 
surface areas are readily available, whereas with the 
thick plate this may not be so. Also, the thin material, 
particularly if it is mild steel, will behave in a ductile 
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manner, this ductile behaviour being one of the most 
important safety factors in pressure vessel design. 

For these reasons, reinforced pressure vessels which 
are fabricated using smaller thicknesses than would be 
required for more orthodox vessels, are very attractive 
for many applications in the nuclear, chemical, and 
petroleum industries. The purpose of this paper is to 
explain two such reinforced designs, band reinforced 
and layer built, to indicate their merits and to give 
some practical results achieved with them. 

These reinforced vessels are not new, for the multi- 
layered type of construction has been practised in the 
United States for many years and several thousand 
vessels of this type have been constructed ; some details 
were reported in 1941 in a paper by Jasper and 
Scudder.! One type of band reinforced vessel was 
explained in 1947 in a paper by Birchall and Lake.?* 
This is an interesting and practical design, but it is not 
the same as the type which is one subject of the 
present paper. Other reinforced designs, such as wire 
and ribbon wound, are considered to lie outside the 
scope of the paper. 


Band Reinforced Pressure Vessels 


In a simple cylindrical vessel with hemispherical 
ends, the whole of uniform thickness, the circumfer- 
ential stress in the barrel is approximately double the 
other principal stresses; these other stresses are the 
longitudinal stress in the barrel and the longitudinal 
and circumferential stresses in the ends. Thus in a 
vessel of this type the barrel thickness is determined by 
the circumferential stress. A more economical design 
could be achieved if this circumferential stress could 
be reduced by about one half. 

In practice, if hoop reinforcement is applied to the 
barrel so that it carries one half of the total hoop load, 
then the design pressure of the vessel could be doubled. 
Alternatively, with this band reinforcement the basic 
shell thickness could be only one half of that required 
for an orthodox vessel. 
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Banded vessel design 


A sketch of a band-reinforced vessel is shown in 
Fig. 1. The bands are actually made up from thin 
layers of plate, applied layer by layer. The longitudinal 
weld in the first layer is kept free of the base shell by 
the use of a backing strip. Subsequent layers are 
welded using the previous layer as a backing strip. 
The layers are of 4-3 in. plate dependent upon the size 
of vessel. The width of each band will also depend 
upon the size of vessel, but 30 in. wide bands are the 
largest likely to be used. No circumferential welds are 
made between the bands since they are not required to 
carry longitudinal stresses. 

The small longitudinal spaces which exist between 
adjacent bands must be small compared with the width 
of the bands and also less than the base shell thickness 
so as to- keep local bending stresses to a very small 
order. It is also good practice to extend the banding 
slightly beyond the nominal tangent line so as to 
minimize the discontinuity stresses. 

One merit of a banded vessel design is that the 
whole of the inner shell and ends can be fabricated, 
radiographed, and stress relieved in accordance with 
the normal Class I standards. The bands can then be 
added without further radiography or stress relief, 
since the welds in the bands are staggered and any 
single failure cannot lead to the destruction of the 
vessel. 

Furthermore, since the bands do not carry longi- 
tudinal stress, the circumferential stress in them will 
not be the same as in the base shell which does carry 
longitudinal stress (Poisson’s ratio effect). For a vessel 
in which the wall thickness is small compared with the 
radius, and for a design in which the bands carry half 
the hoop load, the band thickness will be about 40% 
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1—Band-reinforced pressure vessel 


greater than the shell thickness and the band stress 
will correspondingly be 70% that of the shell. 

The derivation of the required band thicknesses and 
the resulting stress in the bands is given in the follow- 
ing section. It should be noted that, although the base 
shell thickness of a banded vessel will normally be one 
half the thickness of an equivalent solid wall vessel, 
this base shell thickness may be a larger proportion 
of the shell thickness if so required. 

If « is the hoop strain at the mid-wall thickness of 
the inner shell, e! is the hoop strain at the mid-thick- 
ness of the bands, and o and a" are the corresponding 


stresses, then 
‘ = ( " or) 
€= E y v 2s 


and e!= = a} 


where p is the internal pressure, r the internal radius, 
ts the base shell thickness and v Poisson’s ratio. 
For the total hoop load: 


ots+o'ty = p.r 


where fp is the thickness of banding. 

By equating radial displacements, at the outer 
surface of the base shell and the inner surface of the 
first band, the following approximation exists: 


By introducing 7; as the thickness of the equivalent 
solid wall vessel, the above equations can be solved 
to give: 

ts Ts 
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If the base shell thickness, fs. is small compared with 
the base shell internal radius r, this reduces to: 


tb (1-7) 


1-3-4 


and if the base shell thickness is a minimum, 
ts=4 . Ts 


i.e., 


Tb I - ts 
TM * TH 
General design curves developed from the above are 
shown in Fig. 2. To use these curves, first the equiva- 
lent solid wall thickness T; is determined and then the 
base shell thickness f, is chosen. From the appropriate 
curve 7/7; can be found; the appropriate curve will 
be that for 7,/r=0 if the wall thickness is small 
compared with the radius. The value of 7p found 
from the graph is the total of base shell and band 
thickness. This data is exact for thin shells, i.e., 
T./r->0, and approximate for other cases. 
The circumferential stress in the bands in terms of 
the corresponding stress in the inner shell is given by: 


-7) | (ez) 


which, in the case An 4, reduces to: 


o'= o(1—v) 
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A detailed experimental investigation has been 
carried out on a model vessel representative of a large 
reactor pressure vessel, and a detailed report of this 
work has been made by the author and his colleagues.* 
This vessel had a base shell 5 ft dia. and 1 in. thick and 
was banded with thirteen } in. plates. A test to rupture 
gave a maximum pressure of approx. four times the 
design pressure. The vessel before testing is shown in 
Fig. 3. The application of this type of vessel to a 
nuclear reactor has been given in a recent paper by 
Lakin and Gill.* 


Banded vessel manufacture and tolerances 


During the actual fabrication of the vessel, the 
layers of the bands must be tight, one upon the other, 
although no deliberate prestressing is intended. For 
thick-walled vessels which are layer built, however, as 
distinct from band reinforced, this may not be the case. 
To achieve the tight fit the bands should be ‘hugged’ 
to the vessel by means of radial loads which are best 
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2—Chart for determining thickness of banded vessels 


3—Experimental band-reinforced vessel before test 


achieved by a pull lift, or alternatively by means of 
rollers which are held on in turn by a pull-lift block. 
The welding process will cause shrinking and this will 
result in a small measure of prestress. Experiments 
have shown that about | or 2 ton/sq.in. tension may 
result and this is the optimum value aimed at since 
greater prestressing than this does not appreciably 
improve the fit of the bands. The use of a large wooden 
maul is useful in bedding the layers down and also in 
overcoming the local friction effect of the prestress 
due to welding. 

If 7,, is the tension in the plate at the weld and T is 
the tension elsewhere: 

T = Tm.exp (—p9) 

where yw is the coefficient of friction and @ is the 
angular position from the weld. This frictional effect 
should be overcome by such means as the use of the 
wooden maul, so as to reduce the variation in tension 
in the plate, since with a friction coefficient of 0-20 
the hoop load will vary by 30°, over 90°, and 45%, 
over 180°. 

One small disadvantage with a band-reinforced 
vessel is that its weight is greater than that of an 
equivalent solid vessel, assuming that material of the 
same specification can be used in both cases. This con- 
dition is not strictly true and consequently the weight 
disadvantage will not be quite as serious as indicated, 
since the thinner plate will have higher tensile proper- 
ties. However the curves of 7p/7s in Fig. 2 are in 
effect weight ratio curves for the barrel portion of the 
vessel. This weight penalty is not very important for 
site fabricated vessels, since the gain in ease of 
fabrication will outweigh other issues. 
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If the layers of the bands are not pulled tight then 
of course the inner shell will, in service, be subjected 
to increased stress, while the bands will be more lowly 
stressed than theory would suggest. This type of 
variation is indicated in Fig. 4 for various effective 
annular gaps between the layers. This gap is purely a 
theoretical concept, but it is useful in predicting the 
effect of band slackness. Actually, if a vessel is con- 
structed with the actual radial gaps measured at many 
points and then averaged, this figure is much greater 
than the so called effective annular gap; radial gaps 
do not necessarily indicate slackness but rather 
locally unsupported areas due partly to plate irregu- 
larities. 

The effective annular gap can be deduced from the 
hoop stress measured on an actual vessel. For the 
vessel shown in Fig. 3, the effective annular gap 
deduced from the experimental results was only about 
0-008 in. per layer. 

It can be shown that if g, is the radial gap beneath 
the n* layer, then the strain in the inner shell is: 


pki, vy 5 t SNS 
E , 5) R = >.e 
T+ Nt 


where p is the internal pressure 
R is the vessel internal radius 
E is the modulus of elasticity 
N is the number of layers in the band 
T is the base shell thickness 
t is the thickness of each layer 





Furthermore, the hoop stress in the base shell 
becomes 


o = Ee+ 2a 
and the hoop stress in the n‘ layer becomes 
E>; &n 
—s 
R 


on,= Ee«- 


The use of the above equations leads to curves such 
as those shown in Fig. 4. 
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Layer Built Pressure Vessels 


A layer-built pressure vessel differs from a band 
reinforced vessel in so far as it has a thinner base shell 
and the wrapping plates carry both circumferential 
and longitudinal stress. Vessels of this general type 
have been used for many years, many thousands of 
them having been produced in the U.S.A. For special 
applications the material of the inner shell can differ 
from the wrapping plates and can be of stainless steel 
or copper or any other suitable corrosion-resisting 
material. The ends of the vessels will generally be 
forged or pressed to any convenient shape. 


Layered vessel design 

A sketch of a small layer-built pressure vessel 
which has been tested in detail is shown in Fig. 5. 
Again the base shell together with the ends constitute 
a vessel fabricated to normal Class I standards; the 
wrapping plates are added after radiography and stress 
relief. The ends can be either dished forgings of the 
same thickness as the barrel or they can be made 
hemispherical and thinner and then joined to the 
barrel by means of a transition piece. 

In calculating the thickness of a layer-built vessel it 
is the author’s opinion that high weld factors can be 
allocated to the longitudinal joints in these plates. 
This is because the welds are to be made in thin plate 
using the previous layer as a backing piece, so that no 
one weld failure can be catastrophic. Weld factors of 
95% are considered reasonable and in this case the 
resultant barrel wil] have the same total thickness as a 
solid shell made of a material with the same tensile 
strength as that of the base shell and wrapping plates. 
If an additional measure of safety is required, then 
lower weld factors for the wrapping plates can be used 
by increasing the tensile strength of these plates, this 
being a fairly easy prorosition for thin material. For 
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example, in a vessel to be built of a given low-alloy 
steel, the base shell and ends could be fabricated using 
a weld factor of 95% and a minimum tensile strength 
of 34 ton/sq.in., whereas the wrapping plates could be 
fabricated using a longitudinal weld factor of 85° and 
a minimum tensile strength of 38 ton/sq.in. These 
tensile strengths are those normally offered for thick 
and thin plate respectively. 

The weld detail at the junction of the barrel and ends 
is unusual, since the end will be solid and the barrel 
layered; this has therefore been examined in detail. A 
large tensile specimen representing such a detail is 
shown in Fig. 6. These specimens were about 6 in. 
wide and 3 in. thick, and several were tested; in no 
case did a failure occur at the welds. 

A photograph of the layered vessel sketched in 
Fig. 5, is shown prior to testing in Fig. 7. Electrical 
resistance strain gauges can be seen mounted upon the 
vessel for detailed experimental stress analysis. This 
vessel failed in the end, away from the transition piece, 
it a pressure nearly four times the design pressure. 
Another experimental vessel is shown, under con- 
struction, in Fig. 8. 


6—Layered tensile test specimen 





7—Experimental layered vessel before test 


Weld details 


The weld details for the longitudinal joints are the 
same for both banded and layered vessels. Generally, 
the edge of each layer will first be attached to the 
surface of the previous layer by means of a fillet weld. 
When both adjacent edges are held in this way, a 
sealing run is applied between the two fillets so as to 
bring the weld metal at least level with the plate 
surface. This surface can then be ground to produce a 
flush finish. Thus, for example, for } in. wrapping 
plates a gap of about 3-3 in. can be left between the 
longitudinal edges of two adjacent plates. Two fillet 
runs are then made, followed by a third sealing run. 
When the surface is ground flat, a weld deposit is left 
which is rectangular in cross-section and measures 
} in. by 3-} in. A similar technique is used for the 
circumferential welds in layered vessels. 

Tests have also been made to discover if the number 
of weld runs could be reduced. If the wrapping plate 
edges are made with a V-preparation, and only a 
small gap of say + in. is left between the plates, then 
they can be welded in a single run. However, the dis- 
advantage of this method is that the plate gap tolerance 
is now very tight. The preparation of the plate edges 
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together with required tolerances outweigh the ad- 
vantages that result from the reduced welding. 


Layered vessel manufacture and tolerances 


The method of manufacturing layer-built vessels is 
almost identical with that for band-reinforced vessels, 
although the former will generally be fabricated in the 
shops. In any layer the longitudinal welds will be 
completed before the circumferential welds are done. 
The longitudinal welds will be staggered but this will 
not be necessary for the circumferential welds where 
the stress level is much lower. 

To get some ideas of the effect of not pulling the 
wrapping plates tight and of not having successive 
layers fitting snugly upon previous layers, the concept 
of the effective uniform annular gap can again be used. 
Figure 9 shows the effect of an idealized annular gap 
upon the stress levels in the base shell and wrapping 
plates. 

Using the same notation as for the band-reinforced 
vessels, the longitudinal and circumferential strains in 
the base shell are respectively: 

pR(i —2v) 
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Thick-walled layer built pressure vessels and prestress 
Generally, for layer-built vessels, as for band- 
reinforced vessels, the layers are not deliberately pre- 
stressed, but they are just pulled tight and a nominal 
tension of about | ton/sq.in. is induced in them, 
largely through weld shrinkage. However, for truly 
thick-walled vessels, where the wall thickness is 
comparable to the vessel radius, deliberate prestress is 
a great advantage. In a solid-walled vessel the hoop 
stress is greatest at the inner surface and falls off 


8—Experimental layered vessel under construction 


9—Effect of idealized annular gap on stress levels (60 
in. internal dia. vessel with 3 in. wall at 1000 Ib/sq.in.: 
ten } in. layers) 
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10—Stresses in thick-walled layered vessel with uniform tension 
prestress. (Internal pressure= 20,000 Ib/sq.in.: prestress= 
6,300 Ib/sq.in.) 
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through the wall thickness to a minimum at the outer 
surface. If this stress could be made more uniform, 
then the vessel would become more efficient. This can 
be achieved by introducing compression into the 
innermost layers and tension into the outermost layers. 

If the layers of a layer-built vessel are deliberately 
prestressed this effect is created; a very important 
point is that a uniform tension in each band, as it is 
applied, results in an almost ideal stress distribution, 
when fabrication is completed and pressure applied 
(Fig. 10). 

To evaluate the compressive stress induced at the 
inner surface of the vessel due to prestressing the 
bands, the following expression can be used: 


1 
Gc N ———_——__——_ ’ N 1 
op n=1 (x reer) ) od (k+-n—1) 


where @¢ is the total compressive stress 
or is the layer prestress 
R is the inner surface radius 
t is the thickness of the wrappers 
N is the total number of wrappers 
kt is the thickness of the inner shell. 


The stress in intermediate layers is found to be, at 
the outer surface of the m* layer: 


om >= or—f. Ao, 


where 4o, is the same as o, but the integration is 
from (m+1) to N, and 


R2 
je [ bs hss tee7)) 

The example illustrated shows how the maximum 
stress occurring during pressurization can be reduced 
from about 15 to less than 10 ton/sq.in. by prestressing 
each layer during manufacture to just under 3 ton/sq.in. 

The use of prestress, together with an operating 
pressure based upon the bursting pressure, calculated 
on plastic design will lead to efficient and safe designs 
for extremely high pressures of the order of 10,000 to 
20,000 Ib/sq.in. or even higher. 
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Residual Stress Distribution in and 


around Spot Welds 


The three-dimensional stress distribution of spot welds has been determined 
using a method involving the drilling of a hole at the centre of a system of 
electrical strain gauges and the measurement of the deformation of the surface 
resulting from the release of stress at the depth concerned. 

The material used was FV520, a stainless steel in the fully precipitated, 
hardened condition. The residual stress distribution was found for spot welds 
in the steel in this condition and also after a low-temperature treatment in 
which the austenite spot is changed to martensite and a dimensional change 
takes place. Residual stresses up to 40 tons/sq in. were measured before the 


low temperature treatment, but these stresses were markedly reduced after the 
treatment. 


By W. Bolton, B.Sc. 


N essential feature of many assembly processes is 
At use of resistance spot welding, but althoughitis 
so widely used, there appears to be very little infor- 
mation available regarding the residual stress system 
that is set up by the welding process. This paper seeks 
to remedy this lack of information and presents an 
account of the determination of the residual stress 


system of spot welds in FV520, a stainless steel in the 
fully precipitated, hardened, condition (Table I). This 
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Table I - Composition and properties of FV 520 steel 





Chemical composition 

C, 0-07% max. Ni, 4-7% 

Mn, 2:0% max. Cu, 1-3% 

Si, 1-0% max. Ti, 0-5% max. 

Cr, 14-18% Mo, 1-3% 
Mechanical properties Grain direction 
Long. Trans. 
0-1% proof stress, tons/sq. in. 50 52 
0-2% proof stress, tons/sq. in. 55 57 
U.T.S., tons/sq. in. 63 63 
Hardness, D.P.N. 340-360 
Elong., on 2 in., % 9% min. 
Young’s modulus, tons/sq. in. 12,600 min. 


Heat treatment : 
750°C for 2 hr, air cool; cool to —10°C for 4_hr; 
550°C for 4 hr, air cool 





material has the added complication of a phase 
change, and during welding the tempered martensite 
is changed to austenite in the nugget, which contracts. 
The martensite—austenite phase change takes place 
during the welding cycle, and very probably during 
the heating cycle, before fusion occurs. If this is so, 
the contraction resulting from the phase change will 
obviously be completely absorbed by the fusion 
which takes place afterwards. On cooling, quite high 
residual stresses are set up from the contraction of the 
weld nugget under restraint from the surrounding 
material, but they are in no way affected by the phase 
change. Thus, for a precipitation hardening stainless 
steel the residual stress formation is similar to that of 
any other steel with the same coefficient of expansion, 
although at low temperatures the austenitic weld 
nugget does, of course, partially transform to marten- 
site and there is the usual expansion. As the material 
is used in aircraft and missile construction, where low 
temperatures can be realized in flight, the measure- 
ment of the residual stresses after a low-temperature 
treatment is a matter of some importance, for these 
stresses could give rise to possible distortions. 


Measurement of the Residual Stresses 


Residual stresses are generally evaluated from 
measurements made when the stresses are relieved, 
the notable exception being when X-ray techniques 
are used. Very few methods are available which can 
be applied to the evaluation of the residual stress 
distribution of spot welds, for it is necessary to 
measure the variation of stress both with depth 
through the sheets and with distance from the spot 
centre in a highly localized stress field. The X-ray 
method involves measuring diffraction lines of a high 
Bragg angle but, unfortunately, owing to the high 
degree of lattice distortion present in this particular 
steel, the high angle lines are diffuse so rendering X-ray 
methods unsuitable. 

As far back as 1932 Mathar' published a paper 
dealing with the determination of residual stresses by 
drilling a small hole in the specimen. He limited his 
work to pure tensile and compressive stresses but 
later workers generalized his work. It was not until 
1948 that the method was developed by Soete and 


1—Drilling rig 


Vancrombrugge? for the measurement of the variation 
of residual stress with depth below the surface. It is 
basically this method which has been used in the 
present work. 

The technique consists essentially of drilling a 
small, flat-bottomed hole to a given depth and measur- 
ing the deformation that occurs on the surface in the 
immediate vicinity of the hole owing to the release of 
stress over the depth drilled. In this case a drill size of 
0-125 in. was used as it was found that this was the 
smallest drill that would give measurable deforma- 
tions of the surface when stress was relieved. The 
amount of deformation was measured using a system 
of three electrical strain gauges, equidistant from the 
hole and making angles of 0°, 45°, and 90° with a 
chosen axis. The holes were made with a 1,000 rev/min 
air drill (Fig. 1), with the bit passing through a bush 
so as to give flat-bottomed holes of consistent diameter. 

The relation between the strain gauge resistance 
measurements and the residual stress originally exist- 
ing at the point drilled is obtained from an initial 
consideration of a homogeneous state of stress existing 
throughout the plate. As the hole is drilled at the 
centre of the gauge system the relieved strains mea- 
sured by the gauges, ¢,’, «.’, «,, are a function of the 
depth of drilling, the residual stress relieved at that 
depth, the area of the gauges, the distances of the 
gauges from the hole, and the size of the hole. As 
everything apart from the residual stress and the 
depth can be kept constant: 


én = f(z) 
where n=1, 2, 3 
and z=the depth drilled. 


If the strain originally existing at the depth z before 
drilling is €,, then: 


€n’ = ken 
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where k=f(z) and is a constant for a particular 
depth, a particular plate thickness, and particular hole 
size. 
If the state of strain is not homogeneous, the 

equation becomes: 

de,’ i dk - 

— -_ 

for a particular value of z. 

d 


€n 
dk 
dz I =) 

During the drilling of the specimen under test, 
values of «,’ can be calculated from measurements 
made of strain gauge resistances for the various 
” 
dz 
of €,’ against z. In this experiment readings were taken 
every 0-005 in. change in the value of z. The depth z 
was measured by means of a dial gauge attached to the 
drilling rig. The values of dk/dz were found from a 
calibration test, a plate of the same thickness and 
naterial being pulled under a tensile load. While under 
oad a hole was drilled at the centre of the gauge 
system, conditions being exactly the same as for the 
spot welded plates, and the relieved strains were meas- 
ired. As there was, in this case, a homogeneous state 
of stress, €,'=k €,', k could be evaluated for different 
values of z. 


Therefore: «, = ( 


depths z, and thus can be measured from a graph 
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2—Variation of radial component of stress for single spot 


59 


The principal strains and hence the principal 
stresses were found from these results by the usual 
rosette analysis. 


Results 


The investigation was undertaken for spot welds 
in single rows of 0-75 in. pitch, 1-0 in. pitch, and single 
spot welds. (Welding details are given in Table II.) 
The variation of residual stress with depth was 
measured in a direction along the row, and in a direc- 
tion through the spot centre at right angles to the row. 


Table I 
Welding details 





Sheet thickness, s.w.g. 
Force between electrodes, Ib 
Welding time, cycles 
Forging time, cycles 

Weld dia., in. 

Top sheet penetration, % 
Bottom sheet penetration, % 
Total penetration, % 
Indentation, % 





The single spot weld had, naturally, the same distri- 
bution in all directions, and Figs. 2 and 3 show the 
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3—Variation of tangential component of stress for single spot 
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4—Microsection of spot weld 








STRESS, tons | sq. in. 





Yq in. pitch 


ALONG THE PITCH 
e— Untreated components 
Treated components 


AT RIGHT ANGLES TO PITCH 





5—Variation of central peak stress with distance 
from spot centre 


variations in the radial (along the spot radius), and 
tangential (at right angles to the spot radius) compo- 
nents with depth and distance from the spot centre, 
both before and after a low-temperature treatment of 
25 hr at —70°C. The maximum stresses occur, for 
every position, approximately 0-005 in. from the inner 
faces of the two sheets, a secondary peak occurring 
near the nugget boundary. The surface stresses are 
low and virtually independent of distance from the 
spot, whereas the maximum stresses are largest in the 
heat-affected zone. (Figure 4 is a micrograph of a spot 
weld section and clearly shows the size of this zone.) 

The effect of having a finite rather than an infinite 
pitch is shown in Fig. 5. All the stress distributions are 
of the same form but the maximum stresses occur 
further from the spot centre, especially for the welds 
at 0-75 in. pitch. 


Conclusions 


The maximum residual stresses found in this inves- 
tigation were between 35 and 40 tons/sq. in., tension 
radially and compression tangentially, but they were 
reduced by as much as 50% by the low-temperature 
treatment. The phase change that results from this 


o——o Untreated components 
o—o Treated components 


| in. pitch 


treatment produces effects which appear to be entirely 
beneficial, with the possible exception of slight distor- 
tions. From the residual stress aspect precipitation- 
hardening stainless steels would appear to be in a 
more favourable position, after a deep freeze treat- 
ment, than many more conventional steels. 

Whether these high residual stresses have any effect 
on the various properties of the welded component is 
a matter that is still not completely resolved but they 
must certainly be viewed with some concern. 


Acknowledgment 


The author wishes to thank A. V. Roe and Co. Ltd. 
for permission to publish this paper, and to state that 
the opinions expressed are his own and do not 
necessarily reflect the views of the Company. 


REFERENCES 


1. J. MATHAR: Arch. Eisenhuttenwesen, 1932, vol. 6, pp. 277- 
281; Trans. A.S.M_E., 1934, vol. 56, pp. 249-254. 

2. W. Soete and R. VANCROMBRUGGE: Rev. Soudure, 1948, vol. 
4, p. 17; Ossature Métallique, 1948, vol. 13, p. 246. 








TLAALUAULULU LUAU EEETTTTT 










































Welding 

















il 


B.W.R.A. REPORT 


3y J. C. Boriand, A.1.M. 


RESEARCH 


The effects of oxygen, nitrogen, and air on properties of welds in 





































































































Effect of Oxygen and Nitrogen on Properties 
of Welds in Unalloyed Titanium 


; unalloyed titanium containing 0-17°% Fe and 0-05% C have been 
studied and permissible levels of contamination determined. 

When welding chambers are employed, the contaminant in the argon 
should not exceed 0-5 °% otherwise poor bend properties result from the 
effects of surface contamination. Internally absorbed gases also have 
a detrimental effect on weld ductility, and thus, when surface con- 
tamination is absent, the oxygen or nitrogen contents should not 
exceed 0-30% and 0-15% respectively. This corresponds to a weld 


Introduction 


LTHOUGH oxygen and nitrogen increase the 
A strength and hardness of titanium it is known 
that they adversely affect the toughness and 
ductility, even when present in very smaJ] amounts. 
laffee, Ogden and Maykuth,! for example, found that 
at about 0-7% oxygen, titanium-oxygen alloys were 
severely embrittled; with titanium-—nitrogen alloys 
brittleness occurred between 0-2 and 0-5% nitrogen. 
'n a weld, where the structure resembles that of a 
-asting, the effects of impurities are much more 
yronounced, and the permissible levels of contamina- 
ion are correspondingly lower. Thus, one investigator? 
ecommends separate maxima of 0-15°% oxygen and 
05% nitrogen to avoid brittle welds in unalloyed 
itanium. 


hardness of 250 D.P.N. (235 Brinell). 


Titanium in the molten state is one of the most 
reactive of metals and avidly absorbs atmospheric 
gases. For this reason welding is often done in a closed 
chamber containing high-purity argon. The increas- 
ing need for welding a large number of structures in 
the ‘open air’ has led to the development of modified 
welding techniques. Terry and Taylor*, for example, 
have found that satisfactory welded joints can be 
made by using a ? in. dia. nozzle in conjunction with 
water-cooled copper chills placed near to the fusion 
zone. The chills cool the weld rapidly, and thus 
minimize the period during which contamination can 
occur. Baffles are.also sometimes used to help retain 
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the argon cover over the weld joint. From theoretical 
and practical studies Borland and Hull* have shown, 
however, that the argon issuing from a ? in. nozzle 
has a low critical velocity above which turbulence 
occurs, and may cause contamination and an increase 
in the weld hardness of 75 D.P.N. These authors have 
designed a multi-flow nozzle, which not only provides 
efficient shielding of the weld pool with a 4 in. dia. 
primary nozzle, but also protects the weld joint as it 
cools down, avoiding surface contamination. A front 
flow provides additional coverage when filler metal is 
used. A combination of these different approaches*.* 
should be most useful. 

Despite these modified welding techniques, the 
increasing complexity of welded structures demands a 
very high standard of welding practice, and in con- 
sequenee it is important to know the levels of atmo- 
spheric contamination that can be tolerated. The 
purpose of the present investigation therefore has 
been to examine the effects of contamination on weld 
properties in unalloyed titanium and to determine the 
levels of oxygen and nitrogen at which brittleness is 
encountered. 

The results obtained may conveniently be described 
in two parts. One aspect of the investigation concerns 
the effect of surface contamination on bend properties, 
and is discussed under the heading “Effect of chamber 
atmosphere on weld joint properties”. The second 
aspect relates to effects caused by the internal absorp- 
tion of gases. This part of the work is described in the 
section entitled “Effect of oxygen and nitrogen on 
weld properties”. 

The data obtained from the second part allow 
evaluation of a ‘critical hardness’ which should not be 
exceeded. Although these results are for thin sheet 
(0-048 in.), it has been established that they also 
apply to sheet thicknesses up to } in. The reason for 
using thin sheet was to expedite the practical experi- 
mentation. 


Materials 


The compositions of the materials used in this 
investigation are given in Table I and the mechanical 
properties are shown in Table II. 


Table I 
Composition of materials 





Sheet 
Thickness, al Oo, N, 
in. %e 
0-028 
0-048 
0-064 





Table Il 
Mechanical properties of materials 





Sheet 0°1% Proof Tensile Elong. 
Thickness, Stress, Strength, on] in., 
in. ton/sq.in. ton/sq.in. y.4 


0-028 25-3 28-9 31 55 
0-048 26:1 28-0 32 55 
0-064 24-9 27:3 34 55 


Bend Ductility 
Elong. M.B.R. 
Y Rit* 
0-55 
0-55 
0-55 





* M.B.R. (minimum bend radius)= radius of smallest former 
over which the material can be bent without cracking. 


For most of the tests the 0-048 in. thick sheet was 
used; the other gauges were used only to assess the 
effect of sheet thickness on bend properties of welds 
made in the chamber containing an argon-air mixture. 


Experimental Procedures 


Preparation of materials 

Before welding, the sheets were sheared into 6 in. x 
24 in. strips. They were then degreased with acetone, 
pickled for 10 min in an aqueous solution containing 
24% HF and 47% HNOs,, and finally washed in 
water and alcohol before being dried thoroughly in a 
hot air stream. Rubber gloves were used to prevent 
possible contamination from the handling of the 
sheets during jigging and subsequent loading into the 
chamber. 


Welding 

All welds were made in the B.W.R.A. chamber, the 
construction and use of which has been described 
previously,® * and the desired welding atmosphere was 
obtained by admitting to the chamber pre-calculated 
volumes of argon and contaminant. The calculations 
were based on the pressure within the chamber. 

In assessing the effects caused by absorption of 
oxygen, nitrogen, and air, it was necessary to reweld 
the samples in high-purity argon so as to homogenize 
the weld metal and eliminate the surface contamina- 
tion. Test specimens for the first part of the investiga- 
tion were not rewelded since it was the surface 
contamination which was to be examined. 

A welding speed of 6 in./min was selected for all 
welds made. Currents of 20, 37, and 50 amp (d.c. 
electrode —ve) were used for the 0-028, 0-048, and 
0-064 in. sheet respectively. 


Test methods 

The effects of contamination were investigated by 
using two methods, namely hardness and bend tests. 
Tensile tests were not used, since it was considered 
that with few exceptions it was likely that fracture 
would occur in the base metal, thus giving little in- 
formation. Hardness measurements were made to 
indicate the degree of contamination, and longitudinal 
bend tests were used to assess the ductility of the weld, 
and of the heat-affected zones. 

A bend test width of 0-75 in. was selected so that the 
joint comprised weld, heat-affected zones, and parent 
material. The width-to-thickness ratio, which was at 
least 12, ensured that bending was carried out under 
plane strain conditions in conformity with previous 
investigations.® A lead block pad was used to prevent 
‘peaking’. 

The bend test results are assessed in terms of 
circumferential strain (bend elongation) but the 
minimum bend radius is also reported for practical 
reasons and for comparison with the work of other 
investigators. The circumferential strain was com- 
puted’ from the sheet thickness, former radius, and 
angle bent through before cracking. The weld face, 
which was in tension, was examined for cracking 
tendencies by using a low power binocular microscope 
(x 10). 


Gas analysis 
Weld nitrogen contents were determined by chemical 
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analysis. Oxygen analyses other than those of the 
parent material were not available. To overcome this 
difficulty, estimations were made, using the method 
suggested by McKinley.* Since this author related the 
oxygen content to Brinell hardness values, it was 
necessary to convert Brinell hardness numbers to 
diamond pyramid numbers. A chart was made up but 
as it was similar to that constructed by the Dupont 
Company’ in the U.S.A. it is omitted from this report. 


Experimental Results 


Effect of chamber atmosphere on weld joint properties 

The degree of contamination of welds made in a 
chamber is directly related to the impurity leve] of the 
argon used. This is because the welds are exposed to 
the contaminant for the whole period of the weld 
thermal cycle. Thus the average hardnesses at the 
mid-section of the weld beads were only slightly lower 
than those for the rewelded samples discussed later. 
The mid-section hardness values, however, are 
relatively unimportant in relation to weld bend 
ductility because it is the surface values that determine 
failure in bending. Surface hardness was not investi- 
gated in detail; it is sufficient to know that it was, in 
some instances, 70-100 D.P.N. higher than that at the 
centre of the weld. 


Bend properties of 0-048 in. thick material 

Welds made in atmospheres containing over 2:5% 
contamination possessed less than 2-5% bend elon- 
gation, and for this reason the results shown in Fig. 1 
refer only to argon atmospheres containing less than 
2-5% added impurity. An immediate observation is 
the marked drop in ductility with increasing con- 
tamination; as little as 0-5% O or air is sufficient to 
reduce the weld bend ductility from 43% to 10%. 
Increasing the impurity level to 1-5% further reduced 
the ductility to 5%. Nitrogen is slightly more potent 
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1—Effect of surface contamination on weld joint bend properties 


than oxygen or air, 0-4% and 0-8% N being enough 
to reduce the ductility to 10% and 5% respectively. 

The heat-affected region is less ductile than the fused 
zone, even for welds made in high-purity argon. Bend 
elongation values of 5% and 10% were recorded at 
contaminant levels of 0-6% and 0-:2% respectively, 
irrespective of atmosphere. 

Surface contamination had the major effect on bend 
ductility. This was demonstrated by carrying out a 
series of tests on samples from which the surface 
layers were progressively removed. When sufficient 
metal was removed (about 0-002-0-006 in.) the bend 
ductility was restored to a value not significantly 
different from that of the corresponding sample 
rewelded to homogenize the weld metal. In the heat- 
affected zone, where the contamination was almost 
entirely restricted to the surface (the absorption of 
contaminant being limited by the relatively slow solid- 
state diffusion) removal of 0-002-0-004 in. was 
sufficient to restore the bend ductility to that of 
samples made in high-purity argon. 


Effect of sheet thickness 

Welds were made in argon contaminated with air, 
to study the effect of sheet metal thickness on weld 
bend properties. The results obtained are shown in 
Table III. 

Increasing the sheet thickness apparently tends to 
reduce the degree of surface contamination very 
slightly. Alternatively, it may be that the increased 
bend ductility was due to the lower strain gradients in 
the thicker specimens. 

To sum up, it can be stated that the ductility of 
welded joints made in an impure atmosphere is 
dependent on two factors: 


(a) Absorption of impurities by the molten weld pool 
(5) Severity of surface contamination acquired during cooling. 


Table III 


Effect of air contamination on weld bend ductility for 0-028— 
0-064 in. thick sheets 





Sheet 
Thickness, 
in. 


0-028 


Bend Ductility 


Air in Chamber, Elong.., M.B.R, 


—_ 
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Ce WebNS ® 
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Because of the oxidation process'® contamination 
at the surface is more severe than that just below it and 
thus exerts a greater effect on bend ductility. Removal 
of the surface layers permits weld deformation to a 
degree dependent on the increased hardness caused by 
the absorption of the contaminant. 

To avoid poor bend properties the contaminant in 
the chamber should not exceed 0-5 °,. 
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2—Estimated oxygen absorption during welding 


Effect of absorbed oxygen and nitrogen on weld properties 


To examine the effects of absorbed oxygen and 
nitrogen it was necessary, as stated previously, to re- 
weld the contaminated specimens in high-purity argon. 
This process removed the surface contamination and 
homogenized the weld sample. The heat-affected zone, 
however, was not similarly homogenized because the 
lower temperatures reached did not permit much 
diffusion. Furthermore, the additional weld thermal 
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3— Nitrogen absorption during welding 


cycle could be considered detrimental to the heat- 
affected zone properties, even if contamination were 
not present. The results of this part of the investigation 
refer, therefore, to the weld metal only. 


Gas Analysis 

Drillings of the weld sample were analysed for 
nitrogen, iron, and carbon by conventional methods. 
As vacuum fusion analyses of oxygen in the weld metal 
were not available, estimations were made using the 
hardness method proposed by McKinley.* The results 
are plotted in Fig. 2. The Brinell hardness of the weld 
was adjusted to correspond to arbitrary levels of 
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4— Relationship between impurities in chamber atmosphere and 
weld hardness 


7-0 


0-10°% Fe and 0-020% C and then the oxygen-+ 
nitrogen was found from a graph or calculated from 
the following formula:* 

Weight °%% (0+ N)=6-85 x 10-* x (Brinell No.)?.... (1) 

McKinley claims that the results are accurate to 
within 6° of the value as determined by vacuum 
fusion analysis. , 

Analysis of the welds made in the 4:25% nitrogen 
atmosphere revealed that 0-23°%% N was absorbed by 
the weld; only 0-073°%% N was absorbed when the 
chamber nitrogen content was reduced to 1°5%. 
Fig. 3 shows the effect of chamber atmosphere on the 
analysed nitrogen content of the weld together with 
the estimations of nitrogen content predicted from 
McKinley’s hardness method. His scheme was con- 
sidered for nitrogen as well as oxygen, since it was 
hoped that it would give a considerable saving of time 
and labour. It will be noted, however, that the esti- 
mated nitrogen contents are greater than the actual 
values determined by chemical methods, and that the 
difference increased with increasing nitrogen contents. 
McKinley only claimed that his method was suitable 











for estimations of oxygen content but, by inference, it 
can be understood that the same method could be 
used for nitrogen estimations up to a few hundredths 
of a per cent. The errors involved in estimating 
0-061 % and 0-072 % N using McKinley’s method were 
4-9% and 19-5% respectively, and can be attributed 
to the fact that nitrogen was considered to have a 
hardening effect similar to oxygen. 


Hardness 

An increase in the contaminant content of the 
chamber increased the weld bead hardness, as shown 
in Fig. 4. Nitrogen was the most potent hardener, 
followed by air, and lastly oxygen. A nitrogen content 
of 4-25 % was sufficient to raise the hardness from 154 
to 292 D.P.N., whereas the same amount of oxygen 
only increased the hardness to 222 D.P.N. To increase 
the hardness to 292 D.P.N. it was necessary to intro- 
duce 12% O into the chamber. (This result is not 
shown on the graph.) The effect of air was investigated 
only up to 2:5% but the results are sufficient to show 
that the trend is similar to the nitrogen curve, with the 
actual hardness being slightly lower. 

The effect of nitrogen on weld metal hardness is 
shown in Fig. 5 and is compared with the work of 
Jaffee, Ogden, and Maykuth! who used annealed 
iodide titanium. The similar trends of the curves are 
noted and it is assumed that the relative displacement 
of the weld-metal curve is due to the greater amounts 
of iron, carbon, and oxygen. The agreement between 
the estimated oxygen curve (Fig. 5) and that of the 
same authors’ measured oxygen curve is not so good, 
but, bearing in mind that the iodide curve should be 
below the weld hardness curve, it is thought that the 
estimated curve is reasonable above 0-15% O. 

’ 





Nitrogen 
300+ /* A —lodide Titanium 


280} Py 4 4 
74 
/ / 
4 
260+ Ny , 4 
/ 


¥ - 
o 
240} ed 
/ / 
a 220r / fa 7 
/ 9s 
Broo fF // 
= é / 
& |! /% © Actual Nitrogen (Author) 
= |80t o/ 1 


1 P © Estimated Oxygen 


/ 
? Method due to McKinley® 


/ h © Estimated Nitrogen 
160; I; 
e/ | 








405-910 020 030 040 050 060 


OXYGEN OR NITROGEN IN WELD, *. 





Relationship between oxygen and nitrogen content and weld 
bead hardness 


BORLAND: PROPERTIES OF TITANIUM WELDS 





T T T T 


. XQ, Data replotted from Ref 2 
40+ + Sponge ] 
° 0 0-151Oxygen + 

° ® 0-13".Nitrogen 4 


4 0:13'l.Carbon 


0 











160 180 200 220 240 260 280 300 
WELD BEAD HARDNESS. D.PN. 


Upper curve — oxygen 
Lower curve — nitrogen 


6— Relationship between weld hardness and bend ductility 


Bend properties in relation to hardness 

Figure 6 shows the bend properties and hardness of 
welds containing either oxygen or nitrogen. The effect 
of increasing hardness on bend ductility is more 
severe for the nitrogen alloys than for the oxygen 
alloys. Thus, for the same hardness, the weld contain- 
ing nitrogen is Jess ductile. At 290 D.P.N. however, 
the two series of alloys show a similar bend ductility, 
of about 5%. 

Each curve is characterized by a transition region in 
which the change in ductility with increasing hardness 
is at a minimum. For the nitrogen alloys the transition 
region occurs within the range 230-260 D.P.N. and 
the change in ductility amounts to about 0-033°, per 
unit D.P.N. The change in ductility for the oxygen 
alloy within the transition region (230-250 D.P.N.) is 
approx. 0-030°, per unit D.P.N. 

For both series of alloys the change in ductility 
varies continually between 260 and 290 D.P.N., but 
from about 270 to 290 D.P.N. it is about 0-21 °, per 
unit D.P.N. and 0-36% per unit D.P.N. for nitrogen 
and oxygen respectively. The ‘critical hardness’, 
which should not be exceeded under any circumstances, 
would thus appear to be 260-270 D.P.N. A safe level 
of hardness however, would be 250 D.P.N. 

It is likely that bend results for air would follow a 
similar trend to those for oxygen and nitrogen; also 
the critical and safe levels of hardness would again be 
265 and 250 D.P.N. respectively.* 


Gas content and bend properties 

The curve in Fig. 7 illustrates the relationship 
between bend elongation and interstitial content from 
the information presented in Figs. 5 and 6. The 
curves are necessarily the same shape as those shown 
in Fig. 6. 





* Recent work (1959-60) confirms this supposition. 
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7—Effect of oxygen and nitrogen on bend ductility 


A hardness of 250 D.P.N. corresponds to 0-15°% N 
and to about an estimated 0-30% O. These safe levels 
of contamination refer to unalloyed titanium con- 
taining 0-05 % C and 0-17% Fe. It would be logical to 
assume that materials containing more carbon or iron 
could tolerate less contamination during welding. 


Results compared with American work 

Using sponge containing 0-03-0-09% C, 0-005- 
0-01°% N, and 0-05% O (estimated from strength of 
material and amount of nitrogen present) Martin? 
determined the effects of carbon, oxygen, and nitrogen 
on welds in titanium. His conclusions were that, to 
avoid brittle welds, carbon and oxygen should be kept 
below 0-28 % and 0-15 % respectively. About 0-13% N 
was sufficient to produce poor weld ductility. Bearing 
in mind the available information at that time, he 
considered that 0-05°% N was likely to be the maxi- 
mum permissible. Data on bend properties gathered 
by Martin for 0-13% C, 0-15% O, and 0-13% N 
alloys are plotted in Figs. 6 and 7, together with the 
present author’s results. Comparing bend ductilities 
at given hardness levels, Martin’s data for oxygen and 
nitrogen are in good agreement with the curves shown. 
But the poor relationship between gas content and 
bend elongation is probably due to the unknown 
impurity levels of the sponge used by Martin. 


Permissible Levels of Contamination 


The maximum oxygen and nitrogen contents that 
unalloyed titanium welds can tolerate have been 
estimated for one particular grade of commercially 
pure titanium. It is, however, possible to make an 
estimation of permissible levels of oxygen and nitrogen 
for higher or lower strength materials, or similar 
grades containing varying amounts of carbon and iron. 


Table IV 


Relative hardening effects of small amounts of impurities* added 
to 100 Brinell titanium (after McKinley) 





Impurity 
Nitrogen 
Oxygen + 
Carbon 
Iron 
Cobalt 
Silicon 
Chromium 


Weight Basis Atomic Basis 


0-99 
1-00 
0-47 
1-23 
0-41 
0-18 
0-29 
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* Mo, Ni, Mn, V, Cu, Al, Sn and Zn are also given in the 
original table. 
+ Standard of reference. 


For this purpose use is made of McKinley’s table of 
relative hardening indices (Table IV) for small 
amounts of impurities added to 100 Brinell titanium, 
and also his formula connecting the oxygen and 
nitrogen content with hardness. 

Assuming that the main hardening effects in un- 
alloyed titanium are due to iron, carbon, oxygen, and 
nitrogen, and that to avoid brittle welds the hardness 
should not exceed 250 D.P.N., the following expression 
may be formulated: 


382 +/Ox should be less than 235 
where O,=0-35 Fe+0-63 C+ 1-33 N+O. 


Using a formula* suggested by Ogden and Jaffee™ 
and data obtained by Martin,? already referred to, 
Hoeffer'? has calculated a ‘critical hardness’ of 270 
D.P.N., and claims that this value has been corrobor- 
ated in practice. It is noted, however, that in making 
the calculation, Hoeffer assumed that the interstitial 
content of commercially pure titanium must not be 
greater than a total of 0-28% C, 0-15% O, and 
0-05°% N. These assumptions are not valid, for in 
actual fact, as Martin suggested, the figures referred to 
separate maxima. However, Hoeffer’s practical ob- 
servation that weld hardnesses of about 270 D.P.N. 
should not be exceeded is encouraging confirmation of 
the work reported here. 


Summary and Conclusions 


Welds in 0-048 in. thick unalloyed titanium pro- 
duced in a chamber containing high-purity argon 
have a bend ductility of approx. 43% and a hardness 
of 154 D.P.N. 

Admitting as little as 0-25% air to the chamber 
before welding reduces the ductility to 10%. The 
degree of embrittlement increases with increasing 
atmospheric contamination and is dependent upon the 
amount of absorbed gases particularly in the weld 
surface layers. Surface contamination contributes by 
far the greatest effect, and its removal restores the bend 
properties to those corresponding with the increased 
hardness due to the additional internal gas content. 
Grinding off the surface layers of the weld made in the 
0-25% air-argon atmosphere restores the bend 
ductility to 41%, corresponding to a hardness of 165 





* D.P.N.=65+ 310 /O, 
Oxg= oxygen equivalent=% C+2 N+O 















D.P.N. Welding in an argon atmosphere containing 
1% air reduces the bend ductility to 6% and increases 
the average weld hardness to 190 D.P.N. Removal of 
the surface layers restores the ductility to above 20- 
23 %- 

In ‘open-air’ welding, where surface contamination 
has inadvertently occurred, grinding off the enriched 
surfaces should restore the weld properties to that of 
the uncontaminated material, provided that there has 
been no increase in the internal gas content. This con- 
clusion was verified in an earlier investigation.‘ 

The weld hardness is a good indication of the degree 
of embrittlement caused by oxygen or nitrogen. 
Hardness in excess of 290 D.P.N. results in a bend 
ductility of less than 5%. Within the range 230-250 
D.P.N. the decrease in ductility with increase in hard- 
ness is at a minimum and is less than 0-04% per unit 
D.P.N. Increasing the hardness to 260-290 D.P.N. 
causes a marked increase in the rate of ductility 
change to 0-2-0-4% per unit D.P.N. Based on these 
measurements a ‘critical hardness’ that should not be 
exceeded under any circumstances has been suggested. 
This has the value of 265 D.P.N. (248 Brinell). It is 
recommended however, that the hardness should not 
exceed 250 D.P.N. (235 Brinell). This allows a margin 
of safety. 

An empirical expression has been derived which 
relates the effects of carbon, oxygen, nitrogen, and 
iron on weld hardness, and thus enables the safe limits 
of impurities to be calculated. This expression is: 


BORLAND: PROPERTIES OF TITANIUM WELDS 





382 +1/Ox should not be greater than 235 
where Og, =0-35 Fe+0-63 C+ 1-33 N+O. 


The safe level of contamination for commercially 
pure titanium containing 0-17% iron and 0-050% 
carbon is 0-15% nitrogen or 0-30% oxygen. The 
critical levels are 0-18% nitrogen or 0-34% oxygen. 
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Author’s Reply 

Mr. Young: I want to thank Mr. Hunter for his very 
interesting discussion; he has been able to give us some 
earlier history of the development of the all-welded ship 
and it is very interesting to note how early electric welding 
was used in hull construction. 

Mr. Hunter states that he has always felt that the 
structural failure of the all-welded ship was due princi- 
pally to lack of material. I would like to point out here that 
this was certainly not true in the case of the Liberty ship. 
The longitudinal strength of these ships exceeded the 
requirements of the International Load Line Convention 
by a good margin. Mr. Hunter further states that in the 
all-welded ship considerable longitudinal strength material 
is lost by the elimination of the riveted overlaps on the 
seams; although this is true it is more than offset by the 
gain in cross sectional area which results from the elimina- 
tion of rivet holes. 


Discussion on ‘‘ Welded Hulls” (see p.50) 


Mr. Hunter also mentions that during the War, owing 
to the tight steel situation, steel was rolled to the minimum 
permissible thickness tolerances. I would like to point out 


that generally speaking this was not true in the United , 


States, where the purchaser pays for his steel on the 
delivered weight and not on the ordered weight. You can 
see from this that it is definitely to the advantage of steel 
mills to roll their plates to the maximum thickness toler- 
ances, and this held true during the war as well as in 
peacetime. 

I also want to thank Mr. Urwin for his comments on 
the paper. As he pointed out, many organizations in both 
Britain and the United States participated in the investiga- 
tions of the structural difficulties which have been experi- 
enced by the all-welded ship. There was indeed the closest 
co-operation between the many British and American 
regulatory bodies both during and after the war in an 
effort to solve the problem of structural failures. 
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7—Effect of oxygen and nitrogen on bend ductility 


A hardness of 250 D.P.N. corresponds to 0-15% N 
and to about an estimated 0-30% O. These safe levels 
of contamination refer to unalloyed titanium con- 
taining 0-05°% C and 0-17% Fe. It would be logical to 
assume that materials containing more carbon or iron 
could tolerate less contamination during welding. 


Results compared with American work 

Using sponge containing 0-03-0-:09% C, 0-005- 
0-01°% N, and 0-05% O (estimated from strength of 
material and amount of nitrogen present) Martin? 
determined the effects of carbon, oxygen, and nitrogen 
on welds in titanium. His conclusions were that, to 
avoid brittle welds, carbon and oxygen should be kept 
below 0-28 % and 0-15 % respectively. About 0-13°% N 
was sufficient to produce poor weld ductility. Bearing 
in mind the available information at that time, he 
considered that 0-05°% N was likely to be the maxi- 
mum permissible. Data on bend properties gathered 
by Martin for 0-13% C, 0-15% O, and 0-13% N 
alloys are plotted in Figs. 6 and 7, together with the 
present author’s results. Comparing bend ductilities 
at given hardness levels, Martin’s data for oxygen and 
nitrogen are in good agreement with the curves shown. 
But the poor relationship between gas content and 
bend elongation is probably due to the unknown 
impurity levels of the sponge used by Martin. 


Permissible Levels of Contamination 


The maximum oxygen and nitrogen contents that 
unalloyed titanium welds can tolerate have been 
estimated for one particular grade of commercially 
pure titanium. It is, however, possible to make an 
estimation of permissible levels of oxygen and nitrogen 
for higher or lower strength materials, or similar 
grades containing varying amounts of carbon and iron. 


Table IV 


Relative hardening effects of small amounts of impurities* added 
to 100 Brinell titanium (after McKinley) 





Impurity 
Nitrogen 1-33 
Oxygen t 1-00 
Carbon : 
Iron ° 
Cobalt 
Silicon 
Chromium 


Weight Basis Atomic Basis 


0-99 
1-00 
0-47 
1-23 
0-41 
0-18 
0-29 





* Mo, Ni, Mn, V, Cu, Al, Sn and Zn are also given in the 
original table. 
+ Standard of reference. 


For this purpose use is made of McKinley’s table of 
relative hardening indices (Table IV) for small 
amounts of impurities added to 100 Brinell titanium, 
and also his formula connecting the oxygen and 
nitrogen content with hardness. 

Assuming that the main hardening effects in un- 
alloyed titanium are due to iron, carbon, oxygen, and 
nitrogen, and that to avoid brittle welds the hardness 
should not exceed 250 D.P.N., the following expression 
may be formulated: 


382 +/Ox should be less than 235 
where Og, =0-35 Fe+0-63 C+ 1-33 N+0O. 


Using a formula* suggested by Ogden and Jaffee™ 
and data obtained by Martin,? already referred to, 
Hoeffer!? has calculated a ‘critical hardness’ of 270 
D.P.N., and claims that this value has been corrobor- 
ated in practice. It is noted, however, that in making 
the calculation, Hoeffer assumed that the interstitial 
content of commercially pure titanium must not be 
greater than a total of 0-28% C, 0-15% O, and 
0-05°% N. These assumptions are not valid, for in 
actual fact, as Martin suggested, the figures referred to 
separate maxima. However, Hoeffer’s practical ob- 
servation that weld hardnesses of about 270 D.P.N. 
should not be exceeded is encouraging confirmation of 
the work reported here. 


Summary and Conclusions 


Welds in 0-048 in. thick unalloyed titanium pro- 
duced in a chamber containing high-purity argon 
have a bend ductility of approx. 43% and a hardness 
of 154 D.P.N. 

Admitting as little as 0-25% air to the chamber 
before welding reduces the ductility to 10%. The 
degree of embrittlement increases with increasing 
atmospheric contamination and is dependent upon the 
amount of absorbed gases particularly in the weld 
surface layers. Surface contamination contributes by 
far the greatest effect, and its removal restores the bend 
properties to those corresponding with the increased 
hardness due to the additional internal gas content. 
Grinding off the surface layers of the weld made in the 
0-25% air-argon atmosphere restores the bend 
ductility to 41%, corresponding to a hardness of 165 





* D.P.N.=65+ 310 /O, 
Og= oxygen equivalent=$% C+-2 N+-O 















D.P.N. Welding in an argon atmosphere containing 
1% air reduces the bend ductility to 6% and increases 
the average weld hardness to 190 D.P.N. Removal of 
the surface layers restores the ductility to above 20- 
23 %. 

In ‘open-air’ welding, where surface contamination 
has inadvertently occurred, grinding off the enriched 
surfaces should restore the weld properties to that of 
the uncontaminated material, provided that there has 
been no increase in the internal gas content. This con- 
clusion was verified in an earlier investigation.* 

The weld hardness is a good indication of the degree 
of embrittlement caused by oxygen or nitrogen. 
Hardness in excess of 290 D.P.N. results in a bend 
ductility of less than 5%. Within the range 230-250 
D.P.N. the decrease in ductility with increase in hard- 
ness is at a minimum and is less than 0-04% per unit 
D.P.N. Increasing the hardness to 260-290 D.P.N. 
causes a marked increase in the rate of ductility 
change to 0-2-0-4% per unit D.P.N. Based on these 
measurements a ‘critical hardness’ that should not be 
exceeded under any circumstances has been suggested. 
This has the value of 265 D.P.N. (248 Brinell). It is 
recommended however, that the hardness should not 
exceed 250 D.P.N. (235 Brinell). This allows a margin 
of safety. 

An empirical expression has been derived which 
relates the effects of carbon, oxygen, nitrogen, and 
iron on weld hardness, and thus enables the safe limits 
of impurities to be calculated. This expression is: 


BORLAND: PROPERTIES OF TITANIUM WELDS 





382 +/Ox should not be greater than 235 
where O,=0-35 Fe+0-63 C+ 1-33 N+O. 


The safe level of contamination for commercially 
pure titanium containing 0-17% iron and 0-050% 
carbon is 0-15% nitrogen or 0-30% oxygen. The 
critical levels are 0-18 % nitrogen or 0-34% oxygen. 
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Author’s Reply 

Mr. Young: I want to thank Mr. Hunter for his very 
interesting discussion; he has been able to give us some 
earlier history of the development of the all-welded ship 
and it is very interesting to note how early electric welding 
was used in hull construction. 

Mr. Hunter states that he has always felt that the 
structural failure of the all-welded ship was due princi- 
pally to lack of material. I would like to point out here that 
this was certainly not true in the case of the Liberty ship. 
The longitudinal strength of these ships exceeded the 
requirements of the International Load Line Convention 
by a good margin. Mr. Hunter further states that in the 
all-welded ship considerable longitudinal strength material 
is lost by the elimination of the riveted overlaps on the 
seams; although this is true it is more than offset by the 
gain in cross sectional area which results from the elimina- 
tion of rivet holes. 


Discussion on ‘‘Welded Hulls” (see p.50) 





Mr. Hunter also mentions that during the War, owing 
to the tight steel situation, steel was rolled to the minimum 
permissible thickness tolerances. I would like to point out 
that generally speaking this was not true in the United 
States, where the purchaser pays for his steel on the 
delivered weight and not on the ordered weight. You can 
see from this that it is definitely to the advantage of steel 
mills to roll their plates to the maximum thickness toler- 
ances, and this held true during the war as well as in 
peacetime. 

I also want to thank Mr. Urwin for his comments on 
the paper. As he pointed out, many organizations in both 
Britain and the United States participated in the investiga- 
tions of the structural difficulties which have been experi- 
enced by the all-welded ship. There was indeed the closest 
co-operation between the many British and American 
regulatory bodies both during and after the war in an 
effort to solve the problem of structural failures. 
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News of the Institute and Branches 


B.W.R.A, 


and Industry 


MEETINGS 


Aluminium and its Alloys 
Utrecht Meeting, May-June 1961 


The Programme and Enrolment Form 
for the Joint Meeting of the Institute of 
Welding and the Netherlands Welding 
Society in Utrecht on 31st May to 2nd 
June 1961 is now available. 

Members are invited to apply to the 
Secretary of the Institute for copies. The 
closing date for enrolment will be 15th 
April. 


Welded Maidenhead Bridge 
Mr. Gilbert Roberts will read a paper 


on the welded Maidenhead Bridge at a. 


joint meeting of the Institute and the 
South London Branch on Wednesday, 
8th February 1961 at 7 p.m. Admission 
will be by ticket to be had from the 
Secretary of the Institute. 


Second Annual Lecture 
to Young People 


The second of these annual lectures 
was given by Professor J. G. Ball, Pro- 
fessor of Physical Metallurgy, Imperial 
College of Science and Technology, and 
was entitled “Sticking things Together’’. 
It was very enthusiastically received by 
a mixed audience of about 80 young 
people, mostly from Secondary Modern, 
Grammar, and Technical Schools in the 
London area. 

Professor Ball introduced the lecture 
by illustrating why it is necessary to 
‘stick things together’, and demon- 
strated how three strips of a thin materi- 
al, weak in themselves, may be joined 
into an | section which possesses rela- 
tively great strength. The means of join- 
ing parts by welding were then explained, 
and demonstrations were given of 
Thermit, resistance, arc, and cold pres- 
sure welding. The arc welding demon- 
stration made use of a novel projector, 
in which the welding operation is im- 
pressively projected onto a screen with 
a magnification of about 40 times. 

The Professor then explained that it is 
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sometimes necessary to determine the 
quality of a welded joint, and showed 
how this was done by radiography and 
ultrasonics. In conclusion, a number of 
outstanding examples of welded struc- 
tures were presented. 


Although the lecture was well sup- 
ported, the Institute feels that many 
members in the London area may not 
have appreciated the interest which this 
annual event could hold, both for their 
own children and for those of their 
friends, and it hopes that a good 
attendance from this source may be seen 
in 1962. 


ELECTION OF MEMBERS 


The following elections were made at 
the Council meeting of 24th November 
1960. 


Members 


*M. H. A. Barry (Elstree); R. F. 
Godman (Longfield); J. R. Lang 
(Aden); P. S. Muetzel (Cheshunt); 
*S. V. Nadkarni (Bombay); *G. C. W. 
Read (Solihull); A. T. Robertson 
(Leeds); D. R. Tetlow (Doncaster); 
C. R. Tottle (Cheadle Hulme); *E. M. 
Wilson (Weston-super-Mare); W. H. 
Winn (Edinburgh); J. A. Plumstead 
(Norwich); *E. W. Somerville (Helens- 
burgh). 


Associate Members 


C. C. Ames (London); B. T. Balling- 
ton (Froggatt); R. E. Beal (London); 
+J. Blackwood (Chertsey); K. J. Brindle 
(Blackburn); N. W. Craddock (Wal- 
sall); W. J. Dancer (Ickenham); W. F. 
Doyle (Newport); +A. J. Evans (Bristol); 
A. Gibson (Salisbury, S. Rhodesia); 
+F. W. Gifford (Walton-on-Thames); 
K. C. John (Slough); +C. Jones (Edin- 
burgh); P. Lavis (Bournemouth); F. E. 
Lewis (Neath); A. J. Little (Corring- 
ham); C. R. Mannall (Mylor); J. S. 
Moreland (Bellshill); K. Nelson (Ent- 
whistle); F. E. Newton (Birmingham); 
W. J. Rooke (Manchester); A. Rowland 
(Sapele, Nigeria); V. J. Sallows (Croy- 
don); K. D. Seymour Semper (Merst- 





































































































ham); H. W. J. Shurley (Slough); 
tE. S. Slabbert (Cape, S.A.); ||A. J. 
Slater (Billingham); R. J. Stirrup; 
(Gillingham); D. K. Thurlow (South- 
ampton); G. B. Timms (Weybridge); 
|G. Toyne (Lincoln); D. A. Williamson 
(Doncaster); A. E. Wright (E. Grin- 
stead); L. F. Wright (Gt. Bookham) 
R. O. L. Cadman (Kirby Muxloe); 
A. F. Jones (Bolton); I. J. Thomas 
(Kemsing). 


Companions 


D. Catton (Mansfield); A. V. Lloyd 
(Chester); W. W. Mackereth (Woking- 
ham); R. N. C. Thomas (Redcar); A. 
Vassallo (Malta). 


Graduates 


M. N. Bagchi (Calcutta); B. C. Cul- 
shaw (Stretford); M. W. Hardie (Leices- 
ter); M. A. Hodgetts (Worcester Park); 
K. A. Salmon (Leicester); J. Skinner 
(Paisley); D. J. Weatherley (Langley); 
D. S. Alder (Chilton Polden); B. E. J. 
Hanling (Bristol). 


Associates 


N. Bancroft (Luton); T. Beg (Bihar, 
India); H. E. Bullen (Carlton); N. Cal- 
vert (Manchester); A. J. C. Carlin 
(Harrow); J. E. Charnock (Maiden- 
head); D. W. Cheeseman (Gillingham); 
R. G. Cottrell (Basingstoke); T. A. G. 
Dunford (Poole); D. H. Greenslade 
(Penarth); G. C. Harris (Lond ); 
H. W. Heap (Bury); J. B. Hill (Rutner- 
glen); J. Hodgkinson (Wigan); R. V. 
Holmes (Bristol); G. P. Kamat (Bom- 
bay); J. F. Knowles (Bedford); R. E. 
Luff (Visakhapatnam, India); R. Maid- 
en (Newcastle); P. T. O*°Brien (Man- 
chester); J. Parker (Langley); P. Radha- 
krishnan (Sathanoor, India); F. Rehman 
(Karachi); P. R. Rose (Colchester); 
D. M. Smith (Hayes); J. Tayler 
(Leicester); J. M. Watson (Gorebridge); 
A. Woods (Ferryhill); C. R. Jones 
(Sale). 





* Transfer from Associate Member. 
+ Transfer from Companion. 

+ Transfer from Graduate. 

| Transfer from Associate. 
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NEWS OF MEMBERS 


Lt.-Colonel Andrew Jardine, J.P., 
‘rincipal of Andrew Jardine & Co., 
onsulting Engineers, has just returned 
om Caracas, Venezuela, having carried 
it a survey of port and handling facili- 
‘s and an investigation into fungal and 
ycological attack on electrical and 
echanical equipment. Much was also 
on of road, bridge, and building con- 
s ~uction. 


A= — —-— Ae ee Ae ow 


Mr. John Godfrey Noble, Chief 
gineer of Snow & Co. Ltd. has been 
pointed a Special Director. His 
» icial position will now be Works 
rector. 


—A Oo 


CONTRIBUTORS TO THE 
JOURNAL 


W. Bolton was educated at the 
\iversity of Hull, where, in 1955, he 
’k an External London University, 
3c. degree in Physics. During the 
lowing year, he studied at Freiburg 
iversity in Germany, and _ subse- 
ently took up a position with A. V. 
e & Co. Ltd., Manchester, as Senior 
‘hnician in the Stress Analysis Sec- 
1, carrying Out research on the general 
vic of residual stresses. 

since 1959, Mr. Bolton has been an 
A sistant Lecturer in Physics at the High 
\ combe College of Further Education. 


Samo emensee 


- = 


», J. Palmer, Ph.D., M.Sc., D.I.C., 
A &.C.S., A.F.R.Ae.S., A.Inst.P., Mem. 
A.S.M.E., graduated, in 1945, from 
Iniperial College, London, and con- 
tinued thére for a further year to study 





PJ. Palmer 


Aeronautical Engineering. He _ then 
joined Boulton Paul Aircraft, where he 
was engaged on design and research in 
Structures and servomechanisms. In 
1951 he took up a Lectureship at Bir- 
mingham University, where he was 
engaged on research in the general field 
of Applied Mechanics; he has published 


many papers on this subject. In 1957 he 
joined the John Thompson Group, 
firstly as Scientific Adviser in the Group 
Rc search and since early 1960 as Chief 
raineer of John Thompson (Wolver- 
he npton) Ltd. 


fm 


NEWS AND ANNOUNCEMENTS 


Robert T. Young is Principal Surveyor 
for Gt. Britain, Ireland, and Western 
Europe, of the American Bureau of 
Shipping. 

He grew up end was educated in 
Boston, Massachusetts, and studied and 
took a degree in Civil Engineering from 
Tufts University. 

After a short period at sea, he came 
ashore to work on design of naval and 
merchant ships at the Central Technical 





R. T. Young 


Design Dept. of the Bethlehem Steel 
Co., Shipbuilding Division. To better 
his education, he took a two year night 
course in Naval Architecture at Mas- 
sachusetts Institute of Technology, and 
it was in 1938 that he joined the Amer- 
ican Bureau of Shipping. In addition to 
various assignments in United States 
ports, Mr. Young has been stationed, 
for the Bureau in Buenos Aires and 
Antwerp before coming to London. 
During the last war, as a member of 
the Welding Advisory Committee of the 
Board, Mr. Young investigated the 
design and construction of welded steel 
ships; this Committee was convened 
by the Secretary of the Navy to study 
structural failures on all-welded hulls. 


SCHOOL OF WELDING 
TECHNOLOGY 


Evening Courses in Birmingham and 
Manchester 


The School of Welding Technology 
will be organizing further Evening 
Courses in these cities in the spring: 
Birmingham: “Detail Design of Welded 

Structural Steelwork” 
Manchester: “Design for Welding in 
Heavy Engineering” 

These Courses are intended for de- 
signers and draughtsmen who wish to 
acquire the specialized knowledge that 
is so important if the full advantages of 
welded construction are to be obtained. 


Design for Welding in Thermoplastics 


Of the many methods of fabricating 
thermoplastics, the welding processes 
are now of paramount importance and 
with the increasing use of these mate- 


69 





rials in practically every industry, the 
Institute decided that there was need of 
a special Course on the correct approach 
to design for welding. This was held on 
the two days 30th-31st January. So that 
designers could be provided with the 
information necessary for the design of 
efficient structures in thermoplastics, 
the Course covered the basic materials 
and their properties, the welding pro- 
cesses, and the principles of good design 
for welding. 

The Institute was assisted in the 
organization of the Course by the Joint 
Committee on the Welding of Thermo- 
plastics, which is sponsored by the 
Plastics Institute, the British Plastics 
Federation and the Institute of Welding. 


BRANCH NEWS 


The Branch held its Annual Dinner at 
the Grand Hotel, Birmingham on Ist 
December last. The company numbered 
about 350, the Branch Chairman, Mr. 
K. H. Purdy, being in the chair. The 
principal guest was The Right Worship- 
ful the Lord Mayor, Alderman G. B. 
Boughton, who responded to the toast 
“The City of Birmingham” proposed by 
Brigadier G. B. Still O.B.E. There was 
one other toast “The Guests and Kin- 
dred Associations” proposed by the 
Chairman, to which the response was 
made by Brigadier F. Jones, C.B.E., 
E.R.D., M.Sc., M.I.E.E., Chairman of 
the Midland Section of the Institution 
of Electrical Engineers. 


East Midlands 


On Tuesday 11th October, 1960, a 
paper was given by Mr. J. S. Waring on 


Annual Dinner 


Distortion 


**A Practical Approach to the Problem of 


Distortion.” 

The lecturer opened by stressing that 
his paper was intended to be simple and 
matter-of-fact and to appeal to the man 
on the shop floor. He illustrated that 
whilst distortion is inevitable in all weld- 
ed fabrications, it is not always possible 
to anticipate the amount, because of 
several factors. These were: inherent 
stresses in materials, properties of mate- 
rials, welding procedures, accuracy of 
preparation, etc. It was appreciated that 
the manufacturer who found the most 
economical way of dealing with this 
problem would have an advantage over 
other manufacturers. Several means of 
controlling distortion by procedure were 
illustrated with slides and, following 
this, illustrations of the use of the oxy- 
acetylene flame and, in cases of stainless 
steel, the oxypropahe flame, were shown, 
using these mediums to correct distor- 
tion which had taken place. 
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The merits of each method were dis- 
cussed, it being appreciated that in some 
instances it was advisable to allow dis- 
tortion to take place freely and apply 
corrective measures afterwards. In other 
instances it was necessary to take pre- 
ventive measures. 

At the end of the paper several ques- 
tions were asked, among which were the 
allowances that should be made on ves- 
sels for longitudinal shrinkage and the 
merits of peening of welds to counteract 
distortion. 

A vote of thanks was proposed to Mr. 
Waring by Mr. Padmore, and seconded 
by Mr. Houghton, who said that the 
number of questions that had been asked 
demonstrated the interesting and intruc- 
tional nature of the paper. 

H.S-C. 


We regret to announce the death in 
his 85th year on July 29th 1960 of Mr. 
Allan Stevenson, founder of A. Steven- 
son & Company Limited, ““Weldun” 
Boiler Works, Leith. Mr. Stevenson was 
a Founder Member of the Scottish 
Branch and later a Founder Member of 
the East of Scotland Branch. He was 
their first Chairman, and later became 
Branch President. 

Mr. Stevenson entered the welding 
field over sixty years ago, when fire 
welding was used in the manufacture of 
hot water boilers. From that beginning 
he continued to apply the various types 
of welding to boilers as the process of 
welding progressed, until at his death 
the principal product of his Company 
was multitubular oil fired boilers of all- 
welded construction, which are supplied 
to all parts of the world. 

Welding played a great part in Mr. 
Stevenson's life, but among his other 
hobbies he was a singer and elocutionist, 
of no mean talent, in the ‘Scots tongue’. 


H.R.MCK. 


North London members visit BOC—Left to right: J. V. Thomas 
(Past Chairman); R. B. Whalley (Ass. Sec.); J. F. Gibbs (Sec.); 
R. A. Blackridge; H. J. Tyte; F. E. Darling; E. Ryalls (Past 
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| Manchester | Fusion Welding Processes 


Mr. A. A. Smith, B.Sc., A.I.M., of the 
British Welding Research Association, 
presented his lecture entitled ‘A Survey 
of Fusion Welding Developments’ at the 
Manchester College of Science and 
Technology, on Wednesday, 2nd No- 
vember 1960. 

The significant dates in the history of 
welding from Slavianoff’s patent in 1892 
to the introduction of the inert-gas 
consumable-electrode welding process in 
1948 were considered. A detailed exam- 
ination of the achievement of the past 
10 years in world welding developments, 
showed that modifications have been 
imposed on existing processes rather 
than new principles. In the field of 
tungsten arc welding the development of 
the plasma torches, both transferred arc 
and non-transferred arc types, was dis- 
cussed, and the principles explained. 
The fundamentals of these torches was 
contrasted with the phenomena that 
occur in high-current consumable-elec- 
trode welding of aluminium, and 
B.W.R.A. work was mentioned. 

The reasons for the use of CO, for 
welding steel were given and the use of 
the short circuiting arc and its require- 
ments were explained. 

The important features of the gas- 
shielded process were featured in a series 
of lantern slides depicting mechanised 
and automated applications seen by the 
speaker during his recent visit to the 
U.S.A. Various tape-controlled gas- 
shielded welding machines were dis- 
cussed, where the machine control 
either provided accurate location and 
programming of the welds, or allowed 
for differences in the work dimensions. 

Mr. Smith concluded with a specula- 
tion of the welding processes of the 
future, and the basic problems of con- 
trolling the actual arc characteristics 
were discussed. Two sequences from 
B.W.R.A. high-speed cinestudies of 





Pres.); S. P. Bennett (Treas.); B. C. Little; F. W. Copleston (Prog. 
Sec.); F. Clark, M.B.8. (Manager, S.T.S. Dept. BOC); C. R. Thatcher 


(Chairman) 








phenomena in CO, welding were 
shown. The nonaxial transfer of metal in 
the free flight range of voltage was co:n- 
pared with a short circuiting arc being 
made under conditions of correct 
dynamic behaviour. 

A lively discussion followed and tre 
evening ended with a vote of thar <s 
being proposed to Mr. Smith by Mr. 1. 
Watton. 


The Branch Annual Dinner was hi Id 
at the Old Assembly Rooms, Newcas le 
upon Tyne on 3rd December last. T 1e 
Chairman of the Branch, Mr. R. \. 
Exton, was in the chair and propos :d 
the toast of “The Institute’, to wh ch 
Mr. J. A. Dorrat, Honorary Vi-e- 
Chairman of the Branch, respond: d. 
Mr. C. Stephenson, M.C. proposed ‘he 
toast of ““The Guests” to which Mr. J. B. 
Woodeson, O.B.E., President of ‘he 
North East Coast Institution of Engin- 
eers and Shipbuilders responded, and 
the toast of “The Chairman” was 
proposed by Mr. M. E. Pool, Chairman 
of the Tees-Side Branch. There was a 
very large attendance at a most success- 
ful dinner. 


LS Told dai Melalelela 


Some 160 members of the Branch 
visited the Technical Services Depart- 
ment of the British Oxygen Co. Ltd. at 
Cricklewood, on 16th November. They 
saw a 50 in. steel billet cut through in 
one pass by the P.N.M.60, British 
Oxygen’s latest oxy-propane heavy cut- 
ter, designed primarily for steelworks 
and heavy scrap cutting yards. The 
visitors then saw piercing of 12 in. thick 
cast iron completed in a few seconds 
with an open lance. 


A.C M, 
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Visit to BOC 


’ 


i 
4: 





4. 
| } 
A. 


Members watching a pipe welding demonstration 











4 two-hours’ tour of development and 
demonstrations shops, during which 
more than 20 gas and electric processes 
were on view, was rounded off by a 
showing of British Oxygen’s latest films 
on Jame cleaning and leadwelding. 

uestions on the Company’s activi- 
tic. were answered by a British Oxygen 
te onical team led by Mr F. Clark, 
M._ nager of the Department. 


\ Sy 


M_ iway Section 


yllowing the practice of previous 
ye °S,a practical demonstration meeting 
w: again included in the programme 
fo -he Medway Section, and the atten- 
da ze of over 100 members and visitors 
on 2nd November, 1960, again proved 
th nterest which is shown in this type 
of .eeting. 

rtical electro-slag welding of 1 in. 
mi steel plate was demonstrated using 
E.S A.B. Ltd. semi-portable equipment, 
an’ the resulting welds were radio- 
gre hed. 

iderwater cutting was also demon- 
str. ed using C. S. Milne Ltd. equip- 
me |, and several members were able to 
try ut this equipment for themselves. 

| proposing a vote of thanks, Mr. 
A. . Barwell paid special tribute to Mr. 
A. -. Burnett for the hospitality and 
fac. ties afforded by him at Messrs. 
Buisett & Rolfe Ltd., Rochester, in 
wh. se premises the demonstrations were 
hel 
Mr. D. Carter and Mr. D. Burton, 

wh. had gfven short explanatory talks 
before the demonstrations, were thanked 
by ine Committee Chairman, Mr. L. A. 
Lidstone. 


Demonstrations 


D.W.D. 


South Western 


A joint meeting was held on Friday, 
28th October, in conjunction with the 


Weldability 


Gloucester Society- of Engineers at 
Gloucester School of Technology, when 
Mr. R. G. Braithwaite, Past-President 


NEWS AND ANNOUNCEMENTS 


of the Institute of Welding, gave a most 
interesting talk on “The weldability of 
steel and its effect on production’. At the 
outset, Mr. Braithwaite explained that 
he was not presenting a lecture but a 
talk which would introduce controver- 
sial subjects for discussion. 

These subjects were presented as five 
main factors that control the weldability 
of steel: 

P—Plate of Parent Material 

E—Electrode 

T—Thermal Effects of Welding Process 

E—Electrical Effects 

R—Right Methods. 


These five factors, which can easily 
be remembered through the code word 
PETER, were then dealt with in detail. 
Salient points of the talk were: 

Under P, most steels are weldable and 
there are certain simple workshop tests 
as, for example, running a welding bead 
or beads on plate and subjecting the 
specimen to bend testing. 

Under E, keeping welding electrodes 
dry is a problem, and the pickup of 
moisture overnight by a packet of elec- 
trodes incorrectly stored can be quite 
considerable. For correct storage the 
electrodes in each bundle should be 
spread loosely on a well ventilated rack. 

Regarding 7, it was shown how the 
thermal effects are responsible for crack- 
ing in the heat-affected zone and also 
cause distortion. It was interesting to 
note that plate as manufactured has 
locked-up stresses which are released in 
welding and others put in. 

Under E, this depends mostly on de- 
sign details and the right methods for 
welding, which seriously influence the 
results of the finished product. 

Regarding R, this depends mostly on 
design details and the right methods for 
welding, which seriously influence the 
results of the finished product. 

Mr. Braithwaite gave examples of in- 
correct welding procedures leading to 
cracking problems encountered in the 
course of many years of investigations. 

As the author had anticipated, a most 
exhilarating discussion followed his 
talk, during which such topics as pre- 
heating and the use of low-hydrogen 
electrodes for welding 0-5% carbon 

steel were thoroughly dealt 
with. It was decided that 
selective preheating, as 
opposed to wholesale pre- 
heating, was a considera- 
tion of importance. 


Medway Section members 
watching welding and cutting 
demonstrations at Burnett and 


Rolfe Ltd. 
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Mr. T. M. B. Sessions, Chairman of 
the Branch, invited Mr. Reid, Chairman 
of the Gloucester Society of Engineers, 
to propose a vote of thanks, which was 
heartily endorsed by those present. 


E.M.W. 


There was a packed audience at the 
Wulfrunians’ Club on 16th November 
last to hear Mr. A. H. Goodger’s ex- 
ceptionally interesting and lively talk on 
“‘Weld Inspection’’. 

Mr. Goodger said that inspection was 
carried out in order to prevent a job 
failing in service, but that did not mean 
making it last for ever. The standard of 
inspection must depend on the condi- 
tions of service and one of the best ways 
of preventing failure was to study in 
detail the method of failure in jobs that 
had failed. Mr. Goodger demonstrated 
this with a number of slides which 
showed catastrophic failures of various 
vessels. In many cases the cause of failure 
lay not in the blatently bad welding 
present in the structure, but in some 
microscopic crack adjacent to an area of 
high stress concentration. In one case in 
the speaker’s experience, a continental 
air receiver “fortunately” blew up (with- 
out causing injury) before he was able 
to insure it! No access had been provided 
for inspection of the inside, and exam- 
ination of the vessel after failure showed 
that corrosion fatigue had been respon- 
sible and not the very poor welding which 
was also evident. 

Failure rarely occurred from over- 
stress — designers had plenty of formulae 
to use and in general these provided 
adequate safeguards. More often, it was 
less widely understood mechanisms that 
were responsible — for example: human 
fatigue (of certificated welders), mech- 
anical fatigue, thermal fatigue, corrosion 
fatigue, corrosion, erosion, stress corro- 
sion, brittle fracture, shock, or creep 
failures. Mr. Goodger showed numerous 
examples of these types of failure, em- 
phasizing the importance of stress con- 
centration, stress relief, fatigue limits, 
and above all ‘competent’ inspection at 
all stages of design, manufacture and 
service. 

In this connection Mr. Goodger ex- 
pressed the opinion that by far the most 
important inspection tool was the 
human eye. Every method of inspection 
that had so far been devised still depend- 
ed on its use, and were not much more 
than aids to improving the limit of visual 
acuity which, for the naked eye, was the 
resolution of a spot 1/200 in. dia. or a 
line 1/1000 in. wide. The most useful 
aids for an inspector were a pencil torch 
with a spot beam, a magnifying lens; 
and a magnet, powder puff and sellotape 
The use of the latter was graphically 
demonstrated on a small sample of plate 
which contained no fewer than 50 cracks, 


Weld inspection 
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all undetectable without the use of a 
magnet. 

Mr. Goodger concluded his talk with 
a brief summary of the many methods 
now available for non-indestructive test- 
ing and examination, and mentioned 
some of the difficulties in applying the 
techniques and interpreting the results. 
Radiographers were interested in one 
slide which showed areas of lighter 
colour (i.e. increased atomic density) at 
the edges of the weld. This turned out 
to be a lead solder filling which had been 
used to mask undercut at the edge of the 
weld! 

At Question Time the subject matter 
varied from the technical (image inten- 
sification, porosity, “slag’’ welding and 
5 kc/sec pulses) to the non-technical 
(criticism of codes, standards and... . 
inspection authorities) — all dealt with 
expertly and humorously. It was com- 
forting, after hearing examples of so 
many welded fabrications in distress, to 
have Mr. Goodger’s assurance that 
things are not so bad as they used to be. 

A hearty vote of thanks for a most 
exhilarating and interesting talk and 
discussion, proposed by Mr. P. F. Wilks, 
was unanimously supported by an en- 
thusiastic audience. 

J.W.G. 


NEWS FROM INDUSTRY 


Interests acquired in Swedish company 
Johnson, Matthey & Co. Ltd. have 


acquired a controlling interest in the. 


Swedish precious metal company, A/B 
Gésta Nystrém of Stockholm. Mr. 
Gésta Nystr6m, who founded the busi- 
ness in 1917, has retired and a new board 
has been appointed consisting of four 
Swedish and two British directors, with 
Mr. Ove Trulsson as Chairman. 

A/B Gésta Nystrém supply precicus 
metal products for all industrial pur- 
poses and, since 1932, they have ected 
as agents in Sweden for some of the 
products of Johnson Matthey. 

The Company will in future be known 
as A/B Nystr6m & Matthey. 


Heat treatment furnaces 


British Furnaces Ltd. of Chesterfield, 
in association with Kepston Ltd. of 
Kinross, have formed a Kepston Divi- 
sion cf British Furnaces, for the produc- 
tion of electric resistance furnaces, to 
operate with controlled atmospheres, 
including hydrogen, nitrogen, argon, 
and helium for heat treatment and braz- 
ing operations of most metals and stain- 
less steels. 

Furnace enquiries will be handled by 
the Kerston Division of British Fur- 
naces Ltd., Derby Road, Chesterfield. 


Metal spraying and hard surfacing 

As part of a course on Recent Devel- 
opments in Non-Electrolytic Metal 
Finishing, the Borough Polytechnic in- 


clude two lectures on Metal Spraying 
(D. E. J. Cunningham of F. W. Berk & 
Co. Ltd.) and Hard Surfacing (G. R. 
Bell of Wall Colmonoy Ltd.). 

The first lecture will be held on 9th 
February and the second on 16th Feb- 
ruary 1961, both commencing at 7.0 
p.m. The full course of six lectures 
started on 12th January, with a course 
fee of 10s. Details can be obtained from 
the Secretary, Borough Polytechnic, 
Borough Road, London, S.E.1 (Tel. 
Waterloo 7654.) 


Croxson Memorial Lecture 1961 


The Society of Non-Destructive Ex- 
amination has announced that the first 
Croxson Memorial Lecture, in com- 
memoration of the late Mr. Charles 
Croxson, Founder Chairman of the 
Society, will be presented on Friday, 
February 17th 1961, at 6.15 p.m., in the 
Caxton Hall, Westminster, by Dr. L. 
Mullins, Ph.D., F.R.P.S., A.I.M., F. 
Inst.P., on “The Evolution of Non- 
Destructive Testing’. 

Admission to the lecture will be by 
ticket only: these—not more than two 
per applicant—and any further details 
may be obtained from the Hon. Secre- 
tary, of the Society, Mr. D. T. Carter, 
E.S.A.B. Ltd., Gillingham, Kent. 


Komati boiler drums 


Four modern high-duty water-tube 
boiler drums were recently dispatched 
from the works of G. A. Harvey & Co. 
(London) Ltd. for installation in two 
steam generating units at the Komati 
Power Station in the Transvaal. 

The drums are 46 ft 4 in. long with 
internal diameters of 5 ft 6 in. and are 
made from Colvilles Ducol W.30 alloy 
steel plate. Following modern practice 
the fabricators incorporated 856 stub 
tubes into the shell with the ends rre- 
pared for site welding to the boiler 
tubes. Some of these ‘menacing looking’ 
stubs are shown in our cover illustration. 
The holes for the stubs were machined 
with a suitable weld preparation and so 
that the stub tubes could be fitted with- 
out preliminary tack welding. The drums 
were preheated before welding the stubs, 
and the heat was maintained during 
welding, by Cooper Electroheat 80 kW 
coiled heating elements. 

The seams for the main drums were 
U-type butt welds and the deposits were 
made with a 1,000-amp Fusare deck 
welder using Molymec continuous elec- 
trode wires. 

As well as the usual preheat for the 
3? in. thick shell plates, inter-stage stress 
relief was employed and intermediate 
radiographic examination. The final 
welds were examined by gamma-rays, 
and the stub welds were inspected by the 
Ardrox crack-detection method. 

The completed drums were stress- 
relieved at 650—700°C. and were pressure 
tested at 2,259 Ib/sq.in. 


Bridge erected in two hours 


A 146 ft. long all-welded steel pip: 
bridge of box-lattice construction ha; 
recently been placed in position, acros; 
the river separating the Calder Work; 
and Windscale Works, of the Unite | 
Kingdom Automatic Energy Authorit / 
in Cumberland. 

The bridge, which weighs 36 tons, we ; 
prefabricated in three sections at th: 
works of the contractors John Booth <: 
Sons (Bolton) Ltd., and the main sit: 
joints were welded at the Windsca): 
Works. The completed bridge was rolle | 
across the river and lifted on the trestk 5 
by two lorry mounted cranes, one of 5) 
tons and the other 25 tons capacit:, 
from the Rotherham depot of Mobi : 
Lifting Services Ltd., a member of the 
Tarmac Group. 

Close co-operation enabled the liftinz 
and positioning to be completed in onl y 
two hours. 


NEW PLANT AND EQUIPMENT 
Oxygen cutting from memory 


Since November 1957, when a proto- 
type was built for study, the British 
Oxygen Co. Ltd., in association with 
Ferranti Ltd., have been undertaking 
intensive development work on com- 
puter controlled oxygen cutting mach- 
ines. These culminated at the end of last 
year in acceptance trials at the Edmon- 
ton Works on the first fully automatic 
machine for profiling ships’ plates. The 
machine is to be installed at the Walls- 
end-on-Tyne shipyards of Swan, Hunter 
& Wigham Richardson Ltd. for com- 
missioning trials. A second machine is to 
go soon after to the Belfast yards of 
Harland & Wolff Ltd. 

The new machine does away with the 
need for templates and battens, for the 
operating ‘instructions’ are worked out 
as an office procedure and not in the 
mould lofts. This provides many eco- 
nomic advantages where large areas and 
difficult shapes have to be cut. Although 
the original machine was designed pri- 
marily for shipyard use the same advan- 
tages could apply to work in more 
general engineering fields. 

The first stage in providing informa- 
tion to the machine is the preparation of 
dimensional information relating to 
changes of direction. This is taken from 
the drawings in co-ordinate form. These 
data, together with information on 
cutting speed and kerf width, which 
depend on plate thickness, are trans- 
ferred via pre-printed planning sheets to 
punched paper tape for feeding to the 
computer. 

At present it is intended to use the 
services of a computer centre, thou zh 
the equipment could be installed at the 
shipyard or works if necessary. Te 
equipment used now is a Pegasus general 
purpose computer and a digital differe n- 
tial analyser which prepares the firal 
magnetic tape for use on the cuttiig 





machine. This tape contains all the infor- 
mation necessary to operate the machine 
from the set datum point—ignition, 
dir -ctional control, speed control, etc. 
In ‘he planning stage special instructions 
are sometimes incorporated at intervals 
in ‘he cut so as to provide ‘breaks’ or 
sm !l portions of uncut material. These 
tal; prevent the profiled plate from 
se: ‘rating entirely from the surrounding 
we e¢ and provide stability during 
ng. They also allow the whole plate 
to »e removed from the machine, so 
av. ding the accumulation of offcuts at 
utting tables. 
rticularly in shipyard work there 
many repetitive shapes—notches, 
scallops—which can be pro- 
umed and stored in the computer’s 
10ry’ with a simple code reference. 
e cutting machine itself is of the 
head type, each head being mount- 
ort and starboard, on a transverse 
1. The beam is mounted centrally on 
ongitudinal carriage housing the 
r drives and servo mechanisms; 
noves up and down tracks firmly 
|! on concrete foundations. Hy- 
ic servos with feedback devices and 
yacklash units are fitted to the 
tudinal and transverse drives. 
the cutting heads the nozzles are of 
1igh-speed type allowing cuts at 
s 50% higher than with conven- 
| types. An induction coil surround- 
he orifice acts as a height-sensing 
ol and there is a photo-cell flame 


—— 
6 AUTOMATIC GAS-CUTTING 
| MACHINE __ J 


NEWS AND ANNOUNCEMENTS 


monitoring device to ensure continuity 
of the preheat flame. The heads are also 
fitted with automatic ignition units. 
Surrounding the nozzle, almost at plate 
level, is a light cage, which will stop the 
machine at once if the cage touches any 
object (such as a spanner) on the plate. 

Gas control is by a new balanced pres- 
sure regulating system that ensures a 
constant neutral flame irrespective of 
variations in the pipeline pressures. 
Although all control is fully automatic 
from the machine console, manual con- 
trols, and pressure and speed gauges are 
fitted to the central carriage and at each 
end of the transverse beam. 

The plate tables (not shown in the 
diagram) will accommodate pairs of 
plates each 40 ftx 12 ft and up to a 
maximum thickness of 3 in. They are 
fitted with power-driven roilers and 
retractable stops to locate the plates in 
the correct position relative to the 
programmed datum. 

During a demonstration of the mach- 
ine at its acceptance trials, on } in. thick 
plate, it was seen that accurate cutting to 
within & in. was possible, and at 
cutting speeds of 24 in./min. The various 
‘fail safe’ devices operated with preci- 
sion and the restart was every time 
located exactly at the position required. 

In the design of the moving parts 
great attention has been given to the fact 
that the machines will be working under 
shipyard conditions; rolling surfaces are 
automatically brushed clean, lead screws 
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are always covered, and cables and pipe- 
lines are mounted on flexible tracks to 
prevent abrasion and buckling. 


Alloy steel electrode 


A new arc-welding electrode, “Opal 
34 Ni’, has been developed by Cooper 
and Turner Ltd., for welding low- 
carbon 3$% nickel and similar steels 
where good Charpy impact values are 
required at sub-zero temperatures. 

The electrode has a basic coating and 
is classified as E616 (BS.1719) or 
E8016-—C2 (AWS-ASTM). The mechan- 
ical properties of the deposit include a 
Charpy impact value of 15-20 ft-lb at 
—100°C., a yield point of 27-31 tons/ 
sq.in., and an ultimate tensile strength 
of 34—40 tons/sq.in. 

Opal 34 Ni can be operated on d.c. 
or on a.c. with an o.c. voltage of 70 V, 
in sizes that range in current values 
from 90 to 320 amp. 


Stud welding 


An up-to-date leaflet has been issued 
by Research and Control Instruments 
Ltd., covering Philips stud-welding 
equipment. 

Any welding generator (a.c. or d.c.) 
of adequate output will power this 
equipment, the only additions needed 
being the welding gun and an appropri- 
ate contactor. 

Stock mild or stainless steel studs can 
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be welded (with the exception of free- 
cutting qualities) without additional 
preparation, by using the special stud- 
welding cartridges supplied. 


Tungsten electrodes for argonarc welding 


Interlas Ltd. are now producing a 
full range of tungsten electrodes for a.c. 
and d.c. argonarc welding. 

This includes a special alloy type, 
which gives a more stable arc enabling 
cleaner and better welds to be obtained 
by the d.c. argon process. All usual 
standard sizes from ¢ in. to } in. dia. 
are available immediately from stock in 
6 in. lengths, and any special diameter 
can be made to order. 

Also available is a full range of 
diameters of the usual thoriated type, as 
well as pure tungsten for a.c. argon 
welding. 


New version of semi-automatic welding 
process 


Rockweld Ltd. have introduced the 
Comet Series II process for semi- 
automatic welding, which embodies 
several improvements. 

The CO, cylinder is now mounted on 
the trolley transporting the equipment, 
and the modified wire drum incorporat- 
ing a tension device with an improved 
feed box enables one coil to be fed in 
after another, thereby eliminating wast- 
age of 15 ft of welding wire. 

The process will now permit the use of 
two alternative sizes of wire spool, 
12 in. and 16 in. nominal bore. 

The original equipment was intended 
for use with the Rockweld Autopak 
welding transformer. 

The design of the new version enables 
it to be supplied by any welding power 
source of sufficient capacity, either a.c. 
or d.c. The head has also been modified, 
and control of arc voltage simplified. 


Lightweight spot welding gun 


The S.15 Autospot lightweight spot 
welding gun is the first of a new series 
that Portable Welders Ltd. are market- 
ing before the Engineering, Marine, 
Welding, and Nuclear Energy Exhibi- 
tion, where all the guns will be shown 
collectively for the first time. 

The S.15 is the smallest of the range 
and has been designed specifically for 
maintenance work and tack welding on 
large-sized sheet metal work and wire 
down to 2» 14 s.w.g. It operates from a 
15 amp., 230-250 V power supply but 
transformers for 380 V or 110 V can be 
supplied. An electronic timer-contactor 
unit ensures consistent and trouble-free 
operation. Tip pressures of up to 550 Ib 
can be achieved, adjustment being made 
from a star wheel under the carrying 
handle. 

The gun weighs only 24 Ib; a pedestal 
stand can be provided to convert the 
equipment to foot operation on smaller 
work. 


Lightweight X-ray unit 

The Baltospot G150 is a new portable 
X-ray unit, with a capacity of 150 kV 
and a weight of 514 lb, introduced by 
Pantak Ltd. 

There are two models, both with 
offset heads and beam angles of 35°. 
Type D head has a 60° field with a 
tungsten target focal spot of 1-5 1-5 
mm, and type P has a 360° field with 
focal spot size of 0-8 x 2-1 mm. 

The offset head allows the unit to be 
used for the inspection of small diameter 
closed vessels. 

The control unit operates from a 
220 V a.c. supply at 50-60 cycles, using 
6 amp and accommodating mains fluc- 
tuations of +10°%. There is continu- 
ously variable control. 


Medium duty spot welder 


A spot welder with a nominal rating 
of 50 kVA at a 50% duty cycle, suitable 
for use on 18-22 s.w.g. bright mild steel 
sheet, is being produced by Electro 
Mechan-Heat Ltd. 


Capable of producing up to 300 spo's 
a minute the Type M.50, Mark I] 
welder can also stitch weld. With an air 
line pressure of 80 Ib/sq.in. the tip pre ;- 
sure is about 4 ton, and there is an air 
reservoir to reduce the effect of supp y 
pressure irregularities. An optional 
extra high-lift air cylinder allows the'ti »s 
to be separated to 5 in. for the entry >f 
larger articles. 

The electrode clamps on both arris 
can be turned 180° to facilitate the we! i- 
ing on long seams and, as the illustrati:n 
shows, the electrodes can be adjust :d 
vertically in the clamps. 

The welding cycle is controlled \y 
3-stage or 4-stage electronic timers in 
conjunction with an ignitron contact: r. 
With a 50 c supply a.c. each individual 
time cycle can be varied between 3 aid 
70 c by means of stepless controls. 

Heat regulation is obtained throu sh 
an 8-position tap link panel from astar.d- 
ard Electro Mechan-Heat stacked-cc re 
transformer. 


(Above) Autospot lightweight 


welding gun 


(Right) Baltospot portable 
X-ray unit 


(Left) Electro Mechan-Heat 
50 kVA spot welder 


(Below) Special purpose Courtburn sheet clamping machine 
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Clamping titanium sheets 


A special purpose sheet clamping 
nachine has been produced by Court- 
urn Positioners Ltd. for the butt weld- 
ng of 0-022-0-128 in. thick titanium 
heets at Marston Excelsior Ltd. 

The machine can accommodate sheets 
p to 10 ft long and can also take 
lindrical work ranging from 18 to 
8 in. inside diameter. Twin banks of 
neumatically operated clamps hold the 
1eets before welding, and there is an 
(finitely variable speed control of the 

rch traverse motor, giving welding 
reeds of from 2 to 40 in./min. The 
1osen welding speed can be held to 
ithin +0-5% by electronic control of 

e drive lead-screw. 


reumatic vice 


B. O. Morris Ltd. of Coventry have 
troduced a new air vice, the M.12, 
ade in the Netherlands. 
Its most important feature is that the 
vs cannot close on the operator’s 
gers, since the actual pneumatic 
rovement is only # in. The vice is 
« sily set to the size of the component 
d the pneumatic ram then grips it with 
orce of over } ton; the jaws are 43 in. 
de and the maximum gap is 5 in. 


\\ ire braided hose 


Goodyear have introduced their new 
Wingflex high pressure wire braided 
hose, which is supplied in bore sizes 
ranging from 3 in. to 2 in. 

The hose consists of a seamless, oil 
and flame resistant synthetic rubber tube 
with a smbdoth bore, and is designed to 
operate at pressures ranging from 600 to 
4.000 Ib/sq.in. in the 1-wire braid con- 
struction and from 1,000 to 5,000 Ib/ 
sg.in. in the 2-wire braid construction. 

Wingflex is supplied in 60 ft lengths 
uncoupled or in lengths coupled with 
either re-usable couplings or swaged 
type couplings. Couplings are designed 
to withstand pressures well in excess of 
the burst pressure of the hose. 


STUB ENDS 


p> Head Wrightson Stockton Forge Ltd., 
a subsidiary of Head Wrightson and Co. 
Lid., has changed its name to Head 
Wrightson Stockton Ltd. 


»The National Spastics Society is 
planning to build a sheltered workshop 
in Birmingham to train and employ 120 
adult spastics. Facilities will include 
welding and sheet metal work. 


pA new company, Acme-Efco Ltd., is 
iow in operation. The company is 
jointly owned by the Acme Manufactur- 
ing Company of Detroit, specialists for 
ver 5O years in automatic polishing 
machines, and Electro-Chemical Engin- 
. ring Company Ltd. who are well- 


own for Efco-Udylite automatic 
‘ctroplating machines and plating 
processes. 


NEWS AND ANNOUNCEMENTS 


DIARY 


Ist Feb. — Manchester — “‘Electro-slag 
Welding” by A. M. Horsfield (Rey- 
nolds Hall, Manchester, 7.15 p.m.) 


2nd Feb.—N. E. Tyneside—‘‘Gas Cut- 
ting” by G. Sims-Davies (Mining 
Institute, Newcastle, 7.0 p.m.) 


6th Feb.—South Western—‘Use of 
Welding in Structural Engineering” by 
J. S. Allen (Stothert & Pitt’s Canteen, 
Bath, 7.15 p.m.) 


7th Feb.—North London (Slough Sec- 
tion)—“‘Pipeline Welding” by R. J. 
Wright (Lecture Room, Community 
Centre, Farnham Road, Slough, 7.30 
p.m.) 


8th Feb.—East Midlands—* Economic 
Aspects of Various Fusion Welding 
Processes” by W. D. Waller (Notting- 
ham) 


South London — “The All-welded 
Maidenhead Bridge’ by G. Roberts 
(54 Princes Gate, S.W.7, 7.0 p.m.) 


Eastern Counties—“T7ubular Steel 
Constructions” by R. G. Taylor 
(Ipswich Civic College, 7.30 p.m.) 


10th Feb.—Leeds—Dinner Dance (Man- 
sion Hotel, Roundhay) 


13th-17th Feb.—School of Welding 
Technology—Course D5/3, Inspection 
and Testing. 


13th Feb. — Sheffield — *Electro-slag 
Welding” by W.K.B. Marshall (Grand 
Hotel, Sheffield, 7 p.m.) 


14th Feb.—Liverpool—‘/ron Powder 
Electrodes” by A. B. Fieldhouse (Col- 
lege of Technology, Byrom Street, 
7.15 p.m.) 


15th Feb.—East of Scotland—* Recent 
Advances in Electric Welding’ by A. 
Bean (25 Charlotte Square, Edinburgh, 
7.30 p.m.) 


West of Scotland—‘Further thoughts 
on Shipyard reorganization” by D. B. 
Kimber (Institution of Engineers & 
Shipbuilders, 39 Elmbank Crescent, 
Glasgow C.2, 7 p.m.) 


Wolverhampton—* Welding of Austen- 
itic to Ferritic Steels” by F. S. Dickin- 
son (Wulfrunians Club, 7.30 p.m.) 
Institution of Structural Engineers— 
“The Influence of Welding on Struc- 
tural Design” by W. Bates. Joint 
meeting with the Institute of Welding 
(College of Science and Technology, 
Manchester, 6.30 p.m.) 

16th Feb.—Southern Counties—To be 
arranged. 
Leeds—Visit to N.C.B., Allerton 
Bywater, Central Workshops. 

17th Feb.—Birmingham—Lecturettes: 
“Electron Beam Welding” by L. N. 
Sayer; ““High Ferquency Welding” by 
J. B. P. Williamson; ‘“* Ultrasonic 
Welding~ by J. W. Menter (Grand 
Hotel, Birmingham, 7.30 p.m.) 
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Soc. Non-Dest. Testing—Croxson 
Memorial, Lecture (Caxton Hall, 
Westminster, 6.15 p.m.) 


20th Feb.—South Wales—*‘Economic 
Aspects of Various Fusion Welding 
Processes” by W. D. Waller (Institute 
of Engineers, Cardiff, 7 p.m.) 


21st Feb.—South Wales—*Economic 
Aspects of Various Fusion Welding 
Processes” by W. D. Waller (Tech- 
nical College, Swansea, 7 p.m.) 


22nd Feb.—South London (Medway)— 
“Pipeline Welding”. Joint meeting 
with Institute of Petroleum (King’s 
Head Hotel, Rochester, 7.30 p.m.) 


North London—Visit of Enfield Roll- 
ing Mills Ltd. 


24th Feb.—Preston—‘“Future of Gas 
Shielded Welding” by A. A. Smith 
(Technical College, Barrow, 7.30 p.m.) 


27th Feb.—3rd Mar.—School of Welding 
Technology—Course D22, Welding of 
Atomic Energy Plant. 


—Mar.—Leeds—Works Visit, Allerton 
Bywater Colliery. 


Ist Mar. — Manchester — “Methods 
adopted by a Large User when Pur- 
chasing Welded Equipment” by E. 
Fuchs and W. Ashworth (Reynolds 
Hall, College of Science and Tech- 
nology, Manchester, 7.15 p.m.) 


North London—Visit to Enfield Roll- 
ing Mills Ltd. 


Institution of Structural Engineers— 
“The Design, Fabrication and Erection 
of Welded Girders for the South Dur- 
ham Steel and Iron Co. Ltd.” by W. G. 
Gentry (Neville Hall, Newcastle, 
6.30 p.m.) 


2nd Mar.—N.E. Tyneside—‘The Work 
of B.W.R.A.” by H. F. Tremlett 
(Mining Institute, Newcastle, 7 p.m.) 
South Wales—‘Welding in Marine 
Engineering™ by J. A. Dorrat (Institute 
of Engineers, Cardiff, 7 p.m.) 


3rd Mar.—South Wales— Welding in 
Marine Engineering” by J. A. Dorrat 
(Technical College, Swansea, 7 p.m.) 


4th Mar.—N.E. Tyneside—Visit to 
Clarke, Chapman & Co. Ltd., Gates- 
head. 


6th Mar.—Manchester—Annual Dinner 
(Grand Hotel, Manchester). 


South Western — “*Non-destructive 
Testing” by H. Gibbs (Radiant House, 
Bristol, 7.15 p.m.) 


8th Mar.—Preston—** Recent Develop- 
ments in U.S.S.R.” by Dr. D. S. 
Galloway (Harris Technical College, 
Preston, 7.15 p.m.) 
South London—*The Testing, Inspec- 
tion and Assessment of Welds” by C. 
Atkinson (54 Princes Gate, S.W.7., 
7.30 p.m.) 
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Book Reviews 
Additions to the Institute Library 


i 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


ESAB Revue (Sweden), 1960, No. 1 
Fundamental principles of electro-slag welding and machines 
for putting the method into practice, G. Almqvist (1-10) 
Practical use of electro-slag welding, B. Kjellberg (11-24) 


Journal of the Japan Welding Society, 1960, vol. 29, 

August 
Continuous cooling transformation diagrams of steels for weld- 
ing and their application, H. Sekiguchi and M. Inagaki (3-13) 
Electro-impulse building up of metal in liquid, M. C. Baranov 
(14-18) 
Oxygen in mild steel weld metal, K. Kato (19-24) 
Study on phenomena of inert gas metal arc welding by high 
speed motion pictures. Report 4, Self regulation, I. Ukita and 
S. Nobuhara (25-30) 
Cooling time and brittleness of various steels submitted to 
welding (Report 5) on 35-49 kg/mm* high tensile steels, 
H. Sekiguchi'and others. (31-36) 
Experiments on the relation of stellite surfacing and gas flame, 
I. Sakakibara and others (37-40) 
Stack cutting in ship building, K. Suitsu and T. Yasuda (41-48) 
Welding of 2}°, Cr-1% Mo steel. Report 2. The effect of post 
heat treatments on creep rupture strength, T. Nemoto and 
others (49-54) 
Coherent mechanism of lead on iron and steel, Y. Miyazaki 
and R. Kawabata (55-58) 


(Philips) Welding News (Holland), 
March 
Mechanization and automation in arc welding, G. van Schaick 
Zillesen (3-5) 


1960, No. 109, 






























































Welding of 5% chromium-0-5% molybdenum steel and 
application of a non-consecutive annealing process, R. Boekholt 
(6-16) 


(Philips) Welding News (Holland), 1960, No. 110, 
April 
X-ray examination and weld-strength factor, O. Eiro (3-11) 
Studwelding of short and of long studs (14-15) 


(Philips) Welding News (Holland), 1960, No. 111, May 
Vickers’ aircraft engineers adopt iron powdered electrodes, 
D. Meredith Jones (3-8) 

All-welded and gastight silos for cereals, (9-11) 
Automatic CO, welding, J. C. Groenings (13-16) 


(Philips) Welding News (Holland), 1960, No. 112, June 
Welding of 5% chromium-0-5°% molybdenum steel, H. G. 
Geerlings (2-7) 

oo consideration, but practical proof, L. Marriott 
( * 


Przeglad Spawalnictwa (Poland), 1960, vol. 12, Novem- 
ber 
Economic effects of automatic welding of pressure vessels, 
E. Piechota 


Electro-slag welding of boiler drums and of thick-walled pres- 
sure vessels, Z. Bajsarowicz 


Higher productivity in welding, L. H. Morgan 


Revue de ia Soudure Lastijdschrift (Belgium), 1960 
vol. 16, No. 3 
-_ principles of the electroslag process, G. Almqvist (195- 
) 


The practical use of electroslag and economic aspects of the 
method, Bj. Kjellberg (206-218) 


} microcracking of mild steel welds, Part 2, J. Sebille (222- 
53) 


Recent progress in the brazing of nickel-base alloys for high 
temperatures, E. H. Kinelski and J. B. Adamek (254-263) 


Schweissen und Schneiden (Germany), 1960, vol. 12, 
October 
High frequency resistance welding with contact electrodes, 
E. Hormann (431-438) 
Special machinery and materials handling equipment for resis- 
tance welding plant, W. Brunst (438-446) 
Induction heated brazing, K. Flick (447-452) 


Influence of electrode spacing upon the welding current during 
twin spot welding, W. Brunst and K. Bauer (453-456) 
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~ When TWO HEADS 
| are better than one... 


Use a “MURAMATIC”’’ twin-fillet welder 


The Murex “‘Muramatic” automatic fillet welding equipment has been designed 
to make two horizontal-vertical fillet welds simultaneously on the opposite 
sides of a stiffener. It consists of two ““Muramatic” welding heads mounted 
on a self-propelled carriage and is suitable for use with the submerged arc 
process or for the open arc process using a continuous coated electrode. Either 
alternating current or direct current at any value from 300 to 1200 amps. can 
be used by each head. The equipment is supplied with all the necessary controls 
for electrical and mechanical adjustments including the accurate alignment 
of the welding arcs by guide wheels. Please write for full details. 





WUREX WELDING PROCESSES LTD., WALTHAM CROSS, HERTS. Telephone: Waltham Cross 23636 














Where sections 


vary greatly... 


...2z2 films are better than 1 


eeeeseeeeeeeeeeseseaeeeeeeeeeeeeeeeeeeeeeeeeeee 6 


ILFORD technicians pioneered multiple film technique 
in industrial radiography. This has been graphically 
described as a “sandwich” of two or more films, and the 
technique gives vastly superior results where specimens with 
widely varying densities have to be critically examined. 


The “sandwich” consists of two or more films of 
different speeds loaded into a standard cassette for 
simultaneous exposure. Thick sections of the specimen 
register clearly on the faster film, and the thinner sections 


on the slower film. The effects of differential exposure can 
be accentuated by using lead screens in the “ sandwich”. 
The technique can also be used for making duplicate 
radiographs by using two films of the same speed. 


Choice of the appropriate ILFORD Industrial X-ray 
films obviously depends on the subject, the tube voltage 
and the presence or absence of screens. Full details of 
film choice and voltages, as well as lead screens, will be 
forwarded by request. 


For improved radiographic examination 


INDUSTRIAL X-RAY FILMS, CHEMICALS, 
CASSETTES AND LEAD SCREENS 


ILFORD ILFORD 
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Saturn branches are located in Glasgow, Aldridge, 
Manchester, Sheffield, Lymington, Sunderland, 
Thornaby-on-Tees and Southall. Each branch 
stocks the Saturn Seirion D.C. Tungsten Argon 
Arc Welding Unit, which has been developed 
specifically for the welding of stainless steel, 
nickel chromium alloys, copper and copper alloys. 
Used in conjunction with a D.C. welding power 
source, the ‘Seirion’ is automatic in operation, 
and requires no ancilliary equipment such as foot 
switches and economisers. It is also ideal for site 


work, due to the ability to operate without an 





A.C. supply. Radio interference is negligible. 
Compact and portable, the ‘Seirion’ measures 
134 x 104 x 84 and weighs 25 Ibs. 





INDUSTRIAL GASES LTD 


‘Erl Wood’, Windlesham, Surrey 


PA Telephone: Bagshot 2441 


* * 





ROCKWEL 


LIMITED 








RANSOMES & RAPIER LTD use 


BASAC 35 


LOW HYDROGEN ELECTRODES 
for their New W1350 Walking Dragline 


A new triumph for British Engineering! Ransomes & Rapier Ltd., 
Ipswich, have won the first North American contract ever placed in 
Britain for a large electrically driven Walking Drayline. The machine 
is The Rapier W1350 which weighs 1,400 tons and has a 33 cu. yd. bucket 
to carry 50 tons a time within a radius of 215 feet. To meet very low 
temperature operation down to 82’ of frost, special steels are being used. 
Rockweld are proud to supply the electrodes used in the fabrication of 
this giant excavator. 


COMMERCE WAY - CROYDON - SURREY - Tel. CROYDON 7161 (5 Ii 1s) 






















































Schweissen und Schneiden (Germany), 1960, vol. 12, 


iA 





November 
Wear tests of hard facings under abrasive and sandblasting 
conditions, K. Wellinger and H. Uetz (465-472) 


Classification of the welding processes, H. v. Neuenkirchen 
(473-475) 
The present state of acetylene distribution, H. Ehrenberg 
(476-482) 


Investigations into the weldability of various sheet materials 
under the protection of CO,, R. Glockner and H. Wirtz 
(482-484) 
Experiences of a mining company in connection with the welding 
of rail tracks for surface and underground mining, H. Zeugner 
485-488) 


hweisstechnik (Austria), 1960, vol. 14, No. 5 
The fundamentals of resistance welding, F. Gerspacher (49-56) 


‘ -hweisstechnik (Germany), 1960, vol. 10, September 


Constructional and technological essentials for economic 


ipplication of welding to ferro-concrete construction, G. 
3uttner and H. Czub (328-334) 

Slectric resistance welding and its application to railway 
arriage construction, E. Guder (334-338) 


idage et Techniques Connexes (France), 1960, vol. 
. September—October 

*articulars of austenite transformation and formation of 
‘cold”’ cracks in fusion welding, N. N. Rykalin and M. K. 
‘horchorov (335-347) 

The fabrication of tubes for pipelines. Part 1. Introduction, 
=. Mallet (369) 

rhe fabrication of tubes for pipelines. Part 2. The fabrication 
of plates for large-diameter welded tubes, M. Filliatre (370— 
374) 


Che fabrication of tubes for pipelines. Part 3. Fabrication of 
tubes. Inspection and improvement of processes, H. Bouchon 
375-391) 
- 
Souder (France), 1960, No. 26, September 
Oxy-acetylene cutting of thick sheet (5—12) 
The welding of plastic materials (15-21) 


South African Institution of Welding Monthly Bulletin, 
1960, No. 86, September 


How to establish a programme for radiation safety, R. O. 
Gorson (14-18) 


South African Institution of Welding Monthly Bulletin 
1960, October 
Proposed recommendations for fire prevention in usage of 
cutting and welding processes, National Fire Protection 


Association Committee on Cutting and Welding Practises 
(2-7) 


The Welder, 1960, vol. 29, April-June 
fatigue—the problem in relation to welded structures. Part 1, 
R. P. Newman (27-33) 
Spotlight on are welding (36—40) 


rhe metal arc welding of stainless steels, Part IV. Welding 
stainless steel for high duty service, M. C. T. Bystram (40-44) 


Welding and Metal Fabrication, 1960, vol. 28, October 
Progress on the Forth road bridge. Report No. 2. Fabrication 
of the box section towers, A. G. Thompson (382-387) 
Viinimum bend radii of aluminium alloy sections and rectangu- 
ar tubes, D. A. Barlow (388-397) 

ement wagon production: accurate jig welding at Butterley, 
». M. Potter (398-403) 


CONTENTS OF PERIODICALS RECEIVED 
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A weldable copper. Zinc-deoxidized coppers for autogenous 
argon arc welding, J. G. Young and K. J. Clews (404-407) 


Friction welding in the Soviet Union, E. Bishop (408-410) 
Fabricating tantalum: some recent developments, (411-414) 


Welding and Metal Fabrication, 1960, vol. 28, Nov- 
ember 

Shop fabrication for Hinkley Point (424-433) 

Site fabrication at Hinkley Point (434-447) 

Generating plant for Hinkley Point (448-456) 

Developments in the USSR (457-464) 


Welding Engineer (U.S.A.), 1960, vol. 44, September 
Welding heat is chief factor in determining weld quality, N.S. 
Hodska (30-33) 

Welded wheel excavator moves earth far and fast, O. Young 
(34-35) 

How to design for preform brazing, H. Olson (36-39) 

Theory and practice of spot welding, D. D. Williams (40-42) 
Welding and concrete team up to construct Florida’s newest 
home-building entry, H. J. Miller (44-46) 


Quality control is a must when welding radar antennas, W. R. 
Schneider (58, 60) 





Welding Engineer (U.S.A.), 1960, vol. 45, October 
Welding and brazing in the piping industry (31-32) 

How to design tee-joints for piping, S. A. Grubish (33-34) 
Plastic pipe is easily joined by torch heat (35) 

Thin wire CO, process allows fully automatic roll welding of 
pipe, H. B. Cary (36-37) 

a operation requires coordination, trained welders (38- 
Pipe layout, preparation can be easy—with the proper tools 
(42-43) 

“an 7 radiography in pipeline construction, J. R. Strebelle 
Localized stress relief of pipeis simplified, G. Scott (47-48) 
Power piping costs lowered by automatic submerged-arc 
welding, R. A. Wilson (50) 

How to braze piping, A. W. Swift (52-56) 

Aluminium pipeline makes steady gains (58) 

Testing welded pipe joints, D. E. Albrecht (69) 

Welded piping used in radiant heat systems (70) 


Welding Fabrication and Design (Australia), 1960, 
vol. 3, August 
Production of alloy deposits with agglomerated fluxes, R. H. 
MacKenzie (7-9) 
The plasma arc—a new tool for welding and cutting, (10-11) 


Welding Fabrication and Design (Australia) 1960, vol. 4, 
September 
Trends in structural steel designs, P. O. Miller (9-11) 
Sydney Opera House—drilling for foundations (15) 
Tube-in-strip: a new approach to heat exchange (17-18) 


Welding Journal (U.S.A.), 1960, vol. 39, September 
Research and development of continuous-welded rail, G. M. 
Magee (881-889) 

Rebuilding a 20-ton box-girder crane to a 45-ton capacity, 
Y. T. Smith (890-892) 

Welding of Triton, the world’s largest nuclear-powered sub- 
marine, G. W. Kirkley (893-902) 

Percussion welding using magnetic force, R. F. Manning and 
J. B. Welch (903-907) 


Activities of Commission V of the International Institute of 
Welding, R. A. Pulk (908-914) 
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What the welding industry requires from non-destructive 
testing, J. Bland (915-920) 

Welded structures lead to greater economies, (921-923) 
Protecting the profit margin, J. F. Galbraith (924-926) 

Spot welding of wrought HK31A, HM21A, and ZEI0A 
magnesium alloys, L. Lockwood (369s—378s) 

Brittle-fracture tests of six-foot wide prestressed steel plates, 
F. W. Barton and W. J. Hall (379s—384s) 

Investigation of weldability of ultra-high strength steels, 
M. J. Albom and C. C. Titherington (385s—391s) 

Studies on repair welding age-hardenable nickel-base alloys, 
W. J. Lepkowski and others (392s—400s) 

A new high-temperature manganese-base brazing alloy, R. C. 
Kopituk (401s—405s) 

Brazing and soldering of beryllium, R. W. Keil and others 
(406s-—410s) 


Some factors affecting the weldability of the cupro-nickels, 
C. E. Witherell (411s—416s) 


Welding Journal (U.S.A.), 1960, vol. 39, October 
Designing for production welding gives industry a fully acces- 
sible motor, A. L. Cooper and W. H. Morse (1015-1021) 
Recent developments in oxy-fuel gas cutting, C. C. Anthes 
(1022-1027) 

Machine welding of a prepackaged liquid rocket engine, R. L. 
Hoetger and W. B. Moen (1028-1036) 

Stud welding with a silicon-rectifier power source, S. Baum 
(1037-1042) 

Short-arc consumable-electrode welding applications and new 
developments, T. McElrath (1044-1050) 

Welded engineering centre features space-saving, economical 
design, S. C. Bast and others (1053-1055) 

“Expanding bracelet’ backing bar simplifies welding of missile 
shells, C. M. Jenkins (1058-1059) 

Strength of welded aluminium-alloy box beams, R. J. Brun- 
graber (417s—423s) 

Comparative properties of aluminium-alloy weldments, |. L. 
Stern and others (424s—432s) 

All-position welding of HY-80 steel with the gas-shielded 
process, C. R. Sibley (433s—437s) 

Weld strength and dimensional stability of cold-worked stainless 
steel, L. Stemann and E. E. Weismantel (438s—442s) 

Studies of methods for sealing ends of reactor fuel rods for 
PWR, J. J. Vagi and D. C. Martin (443s—448s) 
Volatilization phenomena in high-temperature brazing filler 
alloys, W. Lehrer and H. Schwartzbart (449s—461s) 
Proposed procedure for testing shear strength of brazed joints, 
W. Lehrer and H. Schwartzbart (462s—464s) 


Welding Journal (U.S.A.), 1960, vol. 39, November 
Welding of high-strength low-alloy structural steel for bridges, 
J. L. Beaton and P. G. Jonas (1117-1123) 

Welding repairs of cavitation on large hydroelectric turbines, 
M. Friedmann (1124-1135) 

Weldment failures caused by fabrication and service, 

H. Thielsch (1136-1144) 

Tank fabrication aided by automatic gouging tool (1145-1146). 
Stud welding aids in upgrading of old bridge, V. M. Romine 
(1146-1147) 

New design in modern living, A. H. Butler and J. L. Thomas 
(1147-1148) 

The heat affected zone of arc-welded ductile iron, E. F. Nippes 
and others (465s—472s) 

Welding of nickel-chromium-iron alloy for nuclear-power 
stations, C. E. Witherell (472s—478s) 

Fabrication principles for welded Inconel X structures, H. P. 
Schane and E. E. Weismantel (479s—483s) 

Welding for high-strength steels for rocket cases, W. H. 
Kearns and others (484s—492s) 

Comparison and analysis of notch-toughness tests for welded 
steel, H. H. Johnson and R. D. Stout (493s—S01s) 


Properties of chromium-steel weld metal, J. “euschkel (502s-— 
508s) 

Temperatures for rapid uniaxial stress relief of heat-resistant 
alloys, H. S. Avery (509s—512s) 


Other Journals 


Plastic pipes: some types suitable for sewers, water mains 
chemical effluents and other liquids (Pipes and Pipelines, 1960 
vol. 5, August, pp. 57-60) 

The metalworking behind our first nuclear power station, J. A 
Weller (Canadian Machinery and Metalworking, 1960, vol. 71 
August, pp. 114-117) 

Conveyorized line welds two car bodies a minute (Canadia: 
Machinery and Metalworking, 1960, vol. 71, August, pp. 167 
183) 

What welding will gain from X-ray advances (Canadiar 
Machinery and Metalworking, 1960, vol. 71, August, pp. 168 
““Unweldable” alloys welded (Canadian Machinery and Metal 
working, 1960, vol. 71, August, pp. 169-170) 

The structural use of tubes, R. McEwan (New Zealand Engin- 
eering, 1960, vol. 15, June, pp. 216-220) 

Friction welding: a practical process (Engineering, 1960, vol. 
190, August 19, pp. 250-251) 

Tipper of all-welded construction (Light Metals, vol. 23 
August, p. 221) 

Automatic welding saves time and money (Machinery Lloyd 
1960, vol. 32, August 13, pp. 35-36) 

Top-notch field welding on powerhouse generator installation 
(Liquid Air Review (Canada), 1960, vol. 10, July, pp. 8-10) 


IIW DOCUMENTS 
Issued for Publication 


The following documents have been issued by the 11W for publica- 
tion, and may subsequently be published in the B.W.J. Single 
copies of the duplicated text may be obtained immediately for a 
small charge from the Scientific and Technical Secretariat of the 
11W, 32. Bd. de la Chapelle, Paris 18e. 


IIS/IIW-58-60 (ex doc. VIII-109(5)-58) (Commission VIII- 
“Hygiene and Safety”): ‘‘Handbook on Health and Safety in 
Welding and Allied Processes” 

IIS/ITW-63-60 (ex doc. I-137-60) ‘*Proposed testing methods 
for the symbolisation of filler metals use in brazing” 

11S/IILW-64—60 (ex doc. I-138—60) ‘‘Statistical interpretation of 
the results of tests for the symbolisation of filler metals used in 
brazing” © 

IIS/ITW-65-60 (ex doc. I-139-60) ‘*Draft code of symbols for 
filler metals used in brazing” 


Retained in the Library 


The following 1.1.W. documents are available for consultation 
in the Library of the Institute: 


1IS/I1W-50-60 (ex doc. XII-39-58) (Commission XII “‘Special 
Arc Welding Processes’): “Summary of National Reports 
concerning the Gas-Shielded Welding Processes with or With- 
out Flux (Ferrous Metals)” (IIS/SST/YL St. no. 1813, April, 
1960) 

IIS/IIW-49-60 (ex doc. [IX—184—57) (Commission IX “*Behaviour 
of Metals subjected to Welding’’): ‘*Contribution to the Study 
of an Acceptance Method of Testing for Weldable Steels C and 
D using the Yee-Notch Charpy Test, on the Basis of a Con- 
ventional Specimen” H. Herbiet (Belgium) and S. Descovitch 
(Italy) (April 1960) . 

II'W/IIS—17-—59 (ex doc. 1-90-58) (Commission I ““Gas Welding 
and Allied Processes’): “ Recommendations fer 
Oxygen Cutting of Mild and Low Alloy Steels” (1IS/SST/Y U 
St. no. 1242, 27/2/59) 

IIW/IIS—27-59 (ex doc. X-181-57): “Increase by Local Heating 
of the Fatigue Limit of Plates and Beams with Welded-on- 
Gusset Plates” Professor Dr. Ing. Ondrej Puchner (Czecho- 
slovakia) (IIS/SST/YL St. no. 1371) 





gig Eads ig 











Se pia Sle i ye 0 


NT 
A 
sa 
ni 


\ i 
- } 
\ 


NAAT rif . 


e 
Re 


YATES PLANT AT TRAWSFYNYDD 


Here are the fabrication and final assembly shops at Trawsfynydd Nuclear Power Station where twelve 
350-ton heat exchangers are being manufactured by International Combustion Ltd. for Atomic Power 
Constructions Ltd. Yates machines are used exclusively for vessel and welding head manipulation and 
include two complete travelling rotator sets for the final assembly, five double strake rotator sets and two 
“‘mammoth” columns and booms. Yates have also supplied turntables, pedestal supports and pipe stand 
positioners. 


PHOTO BY COURTESY OF INTERNATIONAL COMBUSTION LTD 
YATES PLANT LTD., BEDEWELL WORKS, HEBBURN ON TYNE, CO. DURHAM. Tel: JARROW 897124 
A member of the Baker Perkins Group 
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NON-DESTRUCTIVE 
TESTING 





HANDBOOK ON RADIOGRAPHIC 
APPARATUS AND TECHNIQUES 


The Institute of Welding announces the publication in 
January 1961 of the only edition in English of this work 
which has been compiled by Commission V of the Inter- 
national Institute of Welding. The book thus represents the 
views of leading experts throughout the world on this subject, 
it deals concisely and simply with apparatus and techniques 
for the radiographic inspection of welds and describes the 
precautions necessary to ensure the safety of operators. 
This book will be a full bound publication in blue, size 84” x 
54° and will consist of 88 pages of text supported by illustra- 
tions. Obtainable from the Institute of Welding price 16/-, 
including postage. 








Revolutionise your entire inspection and quality control pro- 
gramme with: 


XERORADIOGRAPHY 


—the new process which reduces inspection time and makes 
100% inspection economical. 
For further information please write to: 


RANK XEROX LTD., 


33-41 Mortimer Street 
LONDON Wl 


Telephone No: MUS 5432 














MANCHESTER OIL REFINERY 
(SALES) LTD 
76 Jermyn Street, London, S.W.! 
Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 
Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 





(Palmer 








NON-DESTRUCTIVE TEST SERVICE 


X-Ray and Gamma-Ray service (Test House 
and Mobile) * Magnetic crack testing 
Fluorescent crack testing *% Ultra-sonic 
testing * Pressure testing—air and hyd- 
raulic % Low temperature testing * Film 
processing and radiological reports 


Palmer Aero Products Ltd 
AERO PRODUCTS DIVISION BIR INDUSTRIES LIMITED 
PENFOLD STREET * LONDON N.W.8 TEL: PADDINGTON 8622 6/3121A 











THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.LD. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 








ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

% Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

% Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 4041 














INSPECTION SERVICES LTD 


Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.LD. APPROVED TEST HOUSE A.R.B. APPROVED 
BACKED BY 28 YEARS’ PRACTICAL AND 
TECHNICAL EXPERIENCE OF WELDING 
Telephone: Fairlands 4546. 














RADIOGRAPHY 


on site — 
—in your works — 
—in our LABORA TOR) 
at BLD 48 


HEAD OFFICE 


BIX. LTD — ¢_Lonpon airport 


73 HIGH HOLBORN A HOUNSLOW 
LONDON, WCI L MIDDx 
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For over 25 years ‘Staybrite’ F.D.P. steel has 
been the standard material in the construction 
of a wide range of chemical plant. It is also 
used for storage and transport in the chemical, 
dairy and brewing industries, and is extensively 
applied in all types of power production. 

Technical information on the use of all Firth- 
Vickers steels, together with technical literature 


are always available on request. 


FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD 


— the only Company in Europe to devote its activities exclusively to 
the production and development of stainless and heat-resisting steels. 























In your Works... 


A Copley Mobile Laboratory is on call at almost any hour of 


COPLEY METAL TESTING i the day to undertake tests in your works. It is worth 
MOBILE X-RAY LABORATORY finding out how we replace guesswork with certainty. 


A consultation puts you under no obligation whatsoever. 
UNIT NP 4 ‘ 
Write, call or telephone today. 


On the Site... 


We can test your work wherever one of our mobile units 


® Welding Supervision = ome Distance is - jott—cur staff we a prid 
in making even the most difficult assignment on time. 
e X-ray and Gamma Ray Mobility plus service—that’s Copley. 
@ Ultrasonic Flaw Detection 
@ Leak Detection by Radioactive Isotopes 
@ Magnetic and Penetrant Dyes 


@ Marine Thickness Measurement 


COPLEY METAL TESTING LIMITED 


WHITE STREET - NEWCASTLE UPON TYNE 6. 
Telephone: Newcastle 624214 & 655885 


This mobile laboratory is completely equipped for the most exacting tests 








WELDED NICKEL 
ROAD 
TRANSPORT 
TANKS 


Butterfield craftsmen 

carry out welding 

with the most up-to- 

date equipment 

and at all stages of 

fabrication it is 

supervised by experts 

to any of the 

recognized codes. 

This includes the highest 

specification demanded by | Mlustrated: 3,090 gallon 
Nuclear Energy Establishments ee ae eee ree 


for ‘Phenol’. Mounted on Foden F.G. 6/24 chassis 
Hak ce eins ih Gy sn RS Sanh ai ins le lO casi We are equipped with 


produced Weld X-Ray Plant, Materials Testing, 
Metallurgical, Chemical, and 
Microscopic Examination Labora- 
tories, for any required class of work 





WwW. P. BUTTERFIELD (Engineers) LTD. 
P.O. Box 38, SHIPLEY, YORKS. Tel. 52244 (8 lines) 
LONDON AND BRANCHES 
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new courses tin 1961 


ADVANCED ULTRASONICS (MAY) 


CO, SHIELDED WELDING (MAY) 
%& Can be laid down without arcing. 


% Makes the awkward spot accessible. 
% Uses nearly all the electrode. 


WELDING METALLURGY (NOVEMBER) 


The light and easy handling of the Electrode Holder 
makes it the welder’s choice. 

Supplied to internationally known Companies, the will be announced jater 
two types, Prong Fixing and Screw Fixing, each come 
in two different sizes, 400 amp. and 600 amp. Capa- 
city, with all parts replaceable. 

The holders are available on trial for test purposes, 
and all spares can be despatched immediately, on 


request. THE INSTITUTE OF WELDING 
54 PRINCES GATE, LONDON S.W.7 


Full details of these Courses 


COURTBURN SUPPLIES LTD. 


Stanley Works, Kempston Hardwick, Bedford. Telephone: Kempston 2341 
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says Will the Welder 
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“yi Process 101 is the new method of jointing 


cast iron by low-temperature bronze- | To Suffolk Iron Foundry (1920) Ltd 





means of the new Sifbronze 101 rod and Please send me Process 101 Leaflet and 
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the new Sifbronze 1o1 Flux, the old slug- a free sample of 101 Rods. 
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joints is now a thing of the past. A Process 
101 weld is definitely stronger than the 
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Really up-to-date welders tend nowadays to prefer shielded-arc techniques or 
joining copper. They know that by using filler alloys specially developed >y 
ICI for the purpose, sound welds can now be made in all grades of copp:r. 
Alloying elements are kept to a minimum so that the properties of the welds : re 
similar to the parent metal. You must add sufficient filler to ensure that ‘he 
deoxidising elements do their job properly. 


Choose your filler according to the job in hand and the welding method best suited to i — 
‘ARGOFIL’ for welding phosphorus deoxidised copper by tungsten-arc or metal-zrc, 
argon shielded. 


‘NITROFIL’ for welding phosphorus deoxidised copper by tungsten-arc, nitrogen shielc ed 


‘BOROFIL’ for welding tough pitch copper where high electrical conductivity must be 
maintained—tungsten-arc or metal-arc, argon shielded. 


= 
y Reminder @ As the Commonwealth’s largest producer of wrought non-ferrous 
” 4 


metals, IC I Metals Division has built up exceptional knowledge of 

welding techniques. We specialise in wrought metals and alloys particularly 

suitable for welding and brazing—and in materials for carrying out the various welding 

techniques. We are always glad to help clients in selecting the most appropriate materials 

and processes. Please send now for our special booklet ‘I C I Welding Rods and Brazing 
Materials’. 


ICI Copper Welding Rods 





Approx. 


Alloy Size range Process — Quick delivery 








1/16 in. to § in. 
‘Kufil’ diameter in Oxy-acetylene 1073-1078 We make a very large 


straight lengths (Boric acid ° 
Down to 20 s.w.g. range of welding and 


(0.036 in.) in coil brazing rods and orders 
1/16 in. to } in. for many standard lines 
jameter in 
pitraight lengths L.G.S.M.A. can be filled from stock. 
own to 20 S.w.g. 

cnaat tn.) tn colt Your nearest ICI SALES 
Also on spools for OFFICE will en-ure that 

1.G.S.M.A. welding ° 
you get prompt delivery 


of any materials ordered. 








‘Nitrofil’ As above Nitrogen arc 














‘ ‘ Argon arc 
Borofil As above and I.G.S.M.A. 
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DIVISION 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1. 
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BRAZING 


The illustration shows a num- 
ber of BRAUER “Quick 
Action” TOGGLE CLAMPS 
types T.C.25 and T.C.80 being 
used to advantage on a 
brazing jig for the production 
of instrument panel frame- 
works by F. T. Davis (Kings 
Langley) Ltd. 

Brauer Clamps are providing 
the accurate and even clamp- 
ing pressures that prevent 
distortion and enable the 
frameworks (see inset photo- 
graph) to be made to the very 
close limits called for. 


BRAUER “Quick Action” 
TOGGLE CLAMPS are 
saving thousands of man- 
hours wherever they are 
used in industry. Their fast 
and effortless action gives 
powerful accurate holding. 
Whether you are drilling, 
milling, welding, brazing, 
glueing or bonding, etc., in 
metal, wood or plastic 
materials BRAUER 
“Quick Action” TOGGLE 
CLAMPS will save you 
time and money. 


Send now for illustrated cata- 
logue ard technical data to 


BRISTOL 


I Nigel a=) ni 


SENIOR 
PRODUCTION 
WELDING 
ENGINEER 


Bristol Aircraft Limited’s increased 
commitments within the British Air- 
craft Corporation have created a new 
position of Senior Production Welding 
Engineer who will be required to:- 


1 direct the activities of planning engin- 
eers in the introduction of new welding 
processes and techniques, organising 
such specialist training as may be re- 
quired. 


2 advise the Jig and Tool Design Office on 
the jigging methods and equipment 
necessary. 


3 participate, with other technical depart- 
ments, in formulating their programmes 
of research and development work on 
such processes and evolve the appro- 
priate documentation for workshop 
control. 


4 undertake full investigation into any 
Corporation welding processes which 
may be introduced into the Company’s 
production departments (including plant 
and equipment necessary). 


The man required would probably be an 
engineering or metallurgical graduate, aged 
28—35, who has specialised in welding or 
production engineering, preferably with a 
professional qualification. A wide and up to 
date knowledge of welding methods in 
industry is essential, experience in a Welding 
Research Establishment being an additional 
advantage. 

An attractive salary will be paid according to 
qualifications and experience. Removal ex- 
penses, settling-in allowance and assistance 
with house purchase may be given to married 
applicants. 


Please write giving full details to:- 


J. RAIMES, ROOM ATR/220/3, 
BRISTOL AIRCRAFT LIMITED, 


Dept. 28, F. BRAUER LTD., Harpenden, Herts 
Member of the Cope Allman Group 


FILTON HOUSE, BRISTOL. 


Maxers of Europe’s largest range of Toggle Clamps 
FWS 
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‘ENGLISH ELECTRIC 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWC 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 

Hire of equipment can also be arranged. 


The ENGLISH ELECTRIC Company Ltp 
Welding Equipment Department 
East Lancashire Road, Liverpool, 10 
Telephone: Al Ntree 3641 
W.A.24 











SCIAKY TYPE RAMC 2/40 CIRCUM- 
FERENTIAL OR END SEAM PNEL- 
MATIC WELDING MACHINE for sale. 
Specially suitable for welding the ends of 
cylinders or drums and for straight runs. 
Pneumatic electrode pressure. Bottom elec- 
trode wheel driven in either direction with 
variable speed chain drive. Nominal rating 
40 KVA. Capacity two thicknesses of 18 
S.W.G. Welding speed from 2 to 9 ft per 
minute. Depth of throat 144 in. Photo etc. 
from F. J. Edwards Limited, 359-361 
Euston Road, London, N.W.1, or 41 Water 
Street, Birmingham 3. 





BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully guaranteed sets—110 amp £27, 180 
amp £48, 250 amp £75, 300 amp £89 10s., 
350 amp £105, 450 amp £138 10s. etc. 
Also two-operator 180, 250, 300 and 350 
amp models ex stock from £110. Will 
parallel for double output 
Combined welding and brazing sets also 
available at £29 10s 
Send for leaflets and booklet from Britain's 
largest electric welding plant stockist 


G. & W. YOUNG, 
ISA COLNE ROAD, TWICKENHAM, 
POP. 5168 











LINCOLN 
300 amp. 
DIESEL 


MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 


RING TOTTENHAM 0401 
dm M0107// 


SERVICES OFFERED 
FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157- 
159 Borough High Street, London S.E.1. 
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“FERRONS” PORTABLE TRANS- 
FORMER TYPE ARC WELDER for 
sale. Model FM.180. Capacity 16-8 s.w.g. 
electrodes, continuous welding. Voltage 
range 190/500 volts a.c., 40/60 cycles. Max. 
continuous rating 7-5 KVA: nominal, 5-5 
KVA. Another, Model FM.60: Max. con- 
tinuous rating 3-3 KVA. Capacity 14 s.w.g. 
electrodes continuous welding. F. J. Ed- 
wards Limited, 359 Euston Road, London, 
N.W.1, or 41 Water Street, Birmingham 3. 





Complete range, 
30-600 amps 


=~ DIESEL 
WELDING PLANT 


WELDING 
INDUSTRIES L® 


Blackswarth Road, Bristol 5. Phone 58408 





‘*B.L.C.” No. 131 LONGITUDINAL SEAM 
WELDING MACHINE for sale. Specially 
suited for work which may be fed into the 
machine throat, side or straight seams on 
cylinders or drums. All electrical equipment 
suitable for 400 volts, 50 cycles. Maximum 
power required 12 KW. Two thicknesses 
of 20 S.W.G. Number of heating speeds 8. 
Depth of throat 24 in. Photo and details 
from F. J. Edwards Limited, 359 Euston 
Road, London, N.W.1, or 41 Water Street, 
Birmingham 3. 


SITUATIONS VACANT 





AGENTS 


wanted by Belgian manufacturer of 
special electrodes for arc welding. 
Technical experience, good intro- 
ductions in industry and by distrib- 
utors or a GENERAL AGENT with 
large sales organization. 


Please write details to Box No. 254. 











AGENTS with good connections for sale of 
welding plant and associated products. Box 
No. 255. 


WELDING SHOP 
FOREMAN 


required to control small shop 


Must have previously held a supervisory post 
and should preferably have had some 
Machine Shop experience and knowledge of 
all types of welding. The post is pensionable. 


Please write giving full particulars to 
Personnel Manager 


SMALL ELECTRIC MOTORS LTD 
Churchfields Road, Beckenham, Kent 





WELDING ENGINEER 


Qualified engineers with a Metal 
lurgical background are invited t 
apply for the position of weldin 
engineer. A wide industrial exper 
ence of all welding techniques i 
both the ferrous and non-ferrou 
field is essential, preferably with som 
knowledge of allied joining processe: 
The successful candidate will 6 
expected to work on his own initia 
tive and advise on specific problem: 
which would entail periodic visits t 
industrial organizations. F.S.S.L 
Superannuation. Full details 
training, experience and presen 
salary to the Secretary, (1.795 
Production Engineering Researc 
Association, Melton Mowbray, Leics 
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CO. WELDING 


PHILIPS 
LEAD AGAIN! 


TASTEST MANUAL ALL-POSITION WELDING! 


twice as fast as heavy-gauge manual electrodes 








All-position welding—from 
overhead through vertical to 
downhand—twice as fast as 
heavy gauge manual electrodes 
—that’s the achievement of this 
revolutionary new Philips CO, 
Welding Mobile Unit. It uses 
ordinary D.C. welding-power 
sources, either rectifier or motor- 
generator. Thespecially designed 
“easy-on-the-arm” welding gun 
gives perfect balance in the hand, 





















r and reduces operator fatigue to 

5 a minimum. Ask for full details 

of this revolutionary all- 

position equipment and its very 

7 high deposition rates. 

l 

8 

6 

9 

. PHILIPS 

2 

7 

6 

7 

2 

2 

er By courtesy of W. G. Watson (Welding) Ltd. 

20 OTHER LEADING FEATURES 

19 ’ ’ 

16 Wire-feed and welding current automatically stop * Three wire sizes: 0.9 mm. 1.2 mm. 1.6 mm. 

25 and red warning lamp lights if gas fails. Only the gun contact-tip is changed. 

22 * Wire feed infinitely variable between 6 and * Coil holder carries 44 or 56 Ib coils of wire, has 

21 54 F.p.m. Set by directly calibrated control. adjustable automatic brake. ve 

ot * Wire controlled during welding by solenoid- * Turntable mounting of wire-feed unit gives up to 
operated pressure roll and adjustable straightening 20 ft of gun movement. . 

a device. * Low-hydrogen welds of high radiographic quality 


are consistently made. 





Sole distributors in the U.K. 


RESEARCH & CONTROL INSTRUMENTS LTD 


TELEPHONE: TERMINUS 2877 









207 KING’S CROSS ROAD, LONDON W.C.1 
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Equipment designed for fast, 
low-cost work on the widest range 
of materials... the sensational 
Saffire for example. 

From the full range of Saffire 
equipment there’s sure to bea 
Saffire which can help cut 

your production costs; ask any 

of our 38 branch offices for 


experienced and expert advice. 


THE BRITISH OXYGEN 
COMPANY LIMITED 














